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INTRODUCTION 



Simply, V-TECS guides are extensions of the V-TECS 
catalog. While the V-TECS catalogs compile duties, task 
performance objectives^ and performance guides, the catalogs 
emphasize the psychomotor aspect of an occupation. In 
addition, V-TECS catalogs establish blueprints of the 
occupations, while V-TECS guides consider background 
information surrounding the tasks as well as the process of 
making inferences, generalizations, and decisions. V-TECS 
guides take these aspects of the learning process in 
consideration, and go a step further by including Job seeking 
skills, work attitudes, energy conservation practices, and 
safety. 

Experience has shown that the art of learning can also 
be taught while teaching subject matter. Studies indicated 
that people need to learn how to learn. V-TECS guides are 
written to deal with this learning process as an efficient 
means of assisting instructors in the task of teaching. 

V-TECS guides are centered around all three domains of 
learning; psychomotor , cognitive, and affective. The 
following is a brief explanation of each of these learning 
doma ins 




PSYCHOMOTOR 
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V-TECS guides are developed around the psychomotor tasks 
that are considered worker oriented. Psychomotor or 
manipulative skills such as tightening a nut, replacing a 
hubcap, or machining a key slot in a steel shaft, are 
identified in the V-TECS catalog, but the suggestions on how 
to learn to do these tasks are addressed in the V-TECS 
guides. 

COGNITIVE 

To perform psychomotor tasks, students must think. To 
tighten a nut they must know which way to turn it and when to 
stop turning it so that they won't strip the threads. If 
replacing a hubcap, there is a certain technique that may 
vary from one car to another. For example, start the hubcap 
by placing the cap in a tilted position and tapping it all 
the way around until it is seated. On a different model, it 
may be necessary to position the hubcap and snap t all at 
once. At any rate, students must think about whac is being 
done. This is cognition or a mental activity. cognition is 
what goes on in the mind about any job being done. V-TECS 
guide provide both the collateral knowledge and the impetus 
to apply cognition to psychomotor tasks. 

Students gain cognition through both real and vicarious 
experiences. They may read, view tapes, memorize or practice 
a process or procedure until they are certain of it. To test 
their knowledge, students may be required to decide the 
procedure, method, or sequence for performance. Th I s Is 
decision making or cognitive activity In its highest form. 

^ 10 



Cognition is that process by which information is stored 
and used. The voice that warns one of potential dangers, is 
cognition. It Is cognition that tells one to lock and tag 
out the power supply to an electrical apparatus before 
starting to repair it. However, cognition does not apply 
only to safety. Good cognition, or thinking, can help 
employees do a job better and quicker. V-TECS guides provide 
for the cognitive aspects of learning. 

AFFECTIVE 

Curriculum writers, supervisors, and instructors often 
fail to assist students In acquiring a positive attitude 
toward themsdlvec, their Job, school or fellow students. 
V-TECS guides seek to provide assistance to the Instructor In 
achieving positive attitudes. It is difficult for the 
Instructor to identify little bits and pieces of desirable 
behavior for every unit and often harder yet to teach them. 
In this area, students might be Judged on how well they claan 
up their work area, whether they showed up to do the Job in 
time, or whether they must be told several times to do 
something. Potential employers are Interested In student 
attitudes because attitudes directly reflect upon work 
habi ts. 

A student's ability to succeed on the Job depends 
largely on attitude. If, for example, students have the 
attitude: "Let someone else do It," they could be In 
trouble. Realizing this, V-TECS guides Include activities 
designed to help the student get along with others. 
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USE OF V-TECS GLJIPg 



The guides are designed to provide Job-relevant tasks, 
performance objectives, performance guides, resources, 
learning activities, evaluation standards and achievement 
testing in selected occupations. 

A V-TECS guide is designed to be used with any teaching 
methods. If a lecture/demonstration method is best for you, 
you will find sufficient help to meet your needs. If, 
however, you prefer to use discussions or other methods that 
require student participation, the V-TECS guides can save 
preparation time and offer innovative methods and procedures. 
Further, this work takes into consideration students* 
attitudes, thinking skills, and mathematical reading skills. 

The use of small groups in teaching can be helpful in a 
number of ways: (1) many students may feel inadequate due to 
their lack of background information in mechanical areas; <2) 
some may feel that they are physically incompetent or lack 
the necessary background experiences. A successful program 
can provide students with a sense of security by reinforcing 
positive attitudes while improving their skills and 
knowledge. The task/ 1 earner-centered approach can be 
achieved by allowing students to interact on a personal 
level. Confidence increases when students discover that 
they are an essential part of a team engaged in the 
learning-teaching process. Students learning to work without 
direct supervision, permits the instructor to vary 
instructional routines away from the lecture or other 
f ul l-class D ethods. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #1 

TASK: Develop programmed Instructions from blueprint. 

STANDARD OF PERFORMANCE OF TASK: 

Programmed instructions must meet blueprint 
dimensions and range of plus or minus tolerance 
standards as set by employer. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers. 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Computer 

So f t wa re 

Calculator 

Tr 1 gonome t ry 

B 1 uepr i nt 

3~D per s pec t i ve 

Bas i c Mach i n i ng skills 

ENABLING OBJECTIVE: 

1. Plan, visualize, and predict machining operations and 
sequences . 

2. Determine feeds and speeds of cutting tool. 

3. Specify part position on machine. 

4. Prepare operator Instructions and programmed 
instructions from workpiece blueprint. 

"RESOURCES: 

1. Pusztal and Sava. Computer Numerical Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerical Conferol Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

3. Krar, Oswald, and Amand. Technology of Ma chine 
Tools. Second g difcion. McGraw Hill Book Company, 
Ch i cago, IL. 

4. EttHing Handbook of High Efficiency M^ tal Cutting. 
Carboloy Systems Department, Detroit, MI. 

5. French and Swensen. Mechanic al Drawing. McGraw Hill 
Book Company, New York, NY. 1966, 
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RESOURCES: (cont . ) 



6. W. C. Brown. Blueprin t Reading For Industry, 
Goodheart-Wilcox, South Ho 1 land, IL. 1983. 

7. E. G. Hoffman. Jig and Filature Design, Del mar 
i^ublishers, ChicagOt IL. 1985. 

8. Manufacturer's pr o gr amm I ng manua 1 . 

9. Checklist - Develop programmed instructions from a 
b 1 uepr int. 

10. Sample workpiece blueprint. 

TEACHING ACTIVITIES; 

1. Present lecture on blueprint reading. («6) 

2. Demons t rate blueprint reading techniques. 

3. Instruct student to locate indicated specifications 
on the assigned workpiece blueprint. («9 & 10) 

4. Present lecture on manual drawing of tool path. («5 
& 7) 

5. Demonstrate procedure for tool path manual drawing. 

6. Instruct student to complete a manual drawing of tool 
path for assigned workpiece blueprint. («9 & 10) 

7. Present lecture on determining feeds, speeds and 
cutting tool specifications. (3,4 & 8) 

8. Demonstrate techniques for determining feeds, speeds 
and cutting tool specifications. 

9. Instruct student to determine feeds, speeds, and 
cutting tool specifications using assigned workpiece 
b 1 uepr int. ( «9 & 10) 

10. Present lecture on writing programmed instructions 
and operator instructions. («1,2 & 8) 

11. Demonstrate how to write programmed instructions and 
operator instructions. 

12. Instruct student to write programmed ins t ruct i on?? and 
operator Instruction for assigned blueprint. 

CRITERION-REFERENCED MEASURE: 

Given a workpiece blueprint, the student will prepare 
a computer part program, process the program and 
prepare related d ocumen tatlon for the operator. 

PERFORMANCE GUIDE; 

1. Visualize machining sequences. 

2. Establish reference point to align workpiece and 
machine tool. 

3. Specify cutting tool. 

4. Specify feeds and speeds of cutting tool. 

5. Specify location of holding devices in reference to 
machine table and workpiece. 

6. Specify spindle rotation, coolant flow, and table 
Indexing (depending on type of ma chine tool used). 

7. Prepare list of each machining Instruction In format 
that can be utilized by particular control unit/ 
machine tool combination to be used. 
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PERFORMANCE GUIDE: (cent.) 



8, Examine list to determine: 

a. First machining operation. 

b. Sequence of remaining machining operations. 

9. Develop manuscript to document sequence of 
operat ions. 

10. Prepare explicit operator instructions. 
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CHECKLIST 



DUTY Progra mming and planning . 



TASK Develop prog rammed instructions from blueprint. 

ENABLER Pre pa re opera tor instructions and programmed 
instr uctions from workplece blueprint. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate developing 
programmed instruct ons from a blueprint. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 



Determined machine sequences. 

- Established reference point to 
align workplece and machine tool. 

- Specified cutting tool. 

- Specified cutting tool feeds and 
s peeds • 

- Specified location of holding device. 

- Specified spindle rotation, 
coolant flow and table indexing. 

• Prepared a list of machining 
instructions. 

- Checked the machining instruction 
list for first machining operation 
and sequence of remaining operations. 

- Developed a manuscript documenting 
sequence of operations. 

- Developed explicit operator 
instruct ions. 
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GUIDE SHEET 



DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #2 

TASK; Develop programmed instructions from piece part. 

STANDARD OF PERFORMANCE OF TASK: 

Programmed piece part must meet blueprint 
dimensions and range of plus or minus tolerance 
standards as set by em pi oyer. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers, 

CONDITIONS FOR PERFORMANCE OF TASK: 

Geome try 

Ca 1 i pe r 

Tr i gonome try 

P i ece part 

M i c r ome t e r 

Calculator 

Measur i ng i nst rument 

Computer and soft ware 

3^D perspective 

Bas I c programmi ng skills 

Basic machining skills 

Coordinate measuring machine 

ENABLING OBJECTIVE: 



1. Determine dimensions of piece part. 

2. Determine S:€ichining ope r a t i ons / s equence . 

3. Determine cutting tool feeds and speeds. 

4. Specify tooling and machine codes. 

5. Prepare operator Instructions and programmed 
instructions from piece part. 

•RESOURCES: 



1. Pusztai and Sav.a. Computer Numerical Control, 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. William Luggen. Fundamentals of Numerical Control. 
Del mar Publi shers, Inc. , Albany, NY. 1984. 

3. James ChUds. Principtes of N umerical Control. Third 

1 1 tont Industrial Press Inc., New Yo)\k, NY. 1982. 

4. James Childs. Numerical Contr ol Part Programming ^ 
Industrial Press Inc., New York, NY. 1973. 
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RESOURCES: (cont . ) 



5- Milling Handbook of High Efficie ncy Metal Cutt; j n R, 
Carboloy Systems Department, Detroit, MI. 

6. Turning Handbook of Hig h Efficiency Metal Cutting, 
Carboloy Systems Department, Detroit, MI. 

7. Krar, Oswald and Amand. Technology of Machine Tools. 
Second Edition. McGraw Hill Book Company, Chicago, 
IL. 

8. French and Swensen. Mechani cal Drawi ng. McGraw 
Hill Book Company, New York, NY. 1966. 

9. A. Washington. Basic Technical Mathematics. The 
Ben Jami n/Cummi ngs Publishing Company, Reading, PA. 
1985. 

10. E. G. Huffman. J i g and Fixture Des i en, Delmar 
Publishers, Chicago, IL. 1985. 

11. Manufacturer's programming manual. 

12. Practice piece part. 

13. Checklist - Develop programmed instructions from 
a p i ece part. 

TEACHING ACTIVITIES: 

1. Present lecture types of measuring tools and 
measuring procedures. C«l,7 & 9) 

2. Demonstrate measuring procedures for different types 
of measur i ng tools. 

3« Instruct student to measure example piece part. 

4. Present lecture on drawing and dimensioning a piece 
par t . ( «8, 9 & 10) 

5. Demonstrate drawing and dimensioning procedure. 

6. Instruct student to draw and dimension tool path. 
(•12 & 13) 

7. Present lecture on selecting cutting tool, tool 
alignment reference point, tool feeds and speeds, and 
part holding device. ( « 1 , 2, 3, 4, 5, 6 & 7) 

8. Demonstrate cutting tool, reference point, feeds and 
speeds and holding device selection. («12 & 13) 

9. Present lecture on writing programmed instructions 
and operator instructions. 

10. Demonstrate how to write programmed instructions and 
operator instructions. 

11. Instruct student to write programmed instructions and 
operator instructions based on example piece part. 
(•12 & 13) 

CRITERION-REFERENCED MEASURE: 

Given a machined piece part, the student will write a 
complete computer part program, process the program 
and prepare related documentation for the operator. 

PEhrORMANCE GUIDE: 

!• Measure machined surface. 

2. Make a print or skc^tch. 

3. Dimension the sketch. 

O 12 20 
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PERFORMANCE GUIDE: (cont,) 



4« Visualize machining sequences. 

5. Establish reference point to permit alignment of 
workpiece and machine tool. 

6. Specify cutting tools. 

7. Specify setting of feeds and speeds. 

8. Specify location of holding devices. 

9. Specify spindle rotation, coolant flow, and table 
indexing (depending on type of machine tool used). 

10. Prepare list of each machining instruction in format 
that can be utilized by particular control unit/ 
machine tool combination to be used. 

11. Develop manuscript to document sequence of 
operat ions. 

12. Prepare explicit operator instructions. 
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CHECKLIST 



DUTY Programming Aprj planning. 



TASK Deve 1 OP p rog rammed Instructions from piece part. 

ENABLER Prepare opera tor Instructions and programmed 
instructions from Piec e part. 

STUDENT'S NAME ^ DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate developing 
programmed Instructions from piece part, 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

Measured the piece part machined 
s u r f ace » 



- Made a sketch or drawing of the 
piece part. 

- Dimensioned the sketch or drawing, 

- Identified machining sequences. 

- Established workpiece and machine 
tool alignment reference point* 

- Identified cutting tools. 

- Determined feed and speed settings. 

- Identlflerii holding device locations 

- Determined spindle rotation, 
coolant flow and table Indexing. 

- Prepared a machining Instruction 
list. 

- Developed a sequence of operations 
manuscr i p t • 

- Developed explicit- operator 
instructions. 
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GUIDE SHEET 
DUTY: Programming and Planning 

PERFORMANCE OBJECTIVE #3 

TASK: Draw sketch of desired workpiece, 

STANDARD OF PERFORMANCE OF TASK: 

Sketch must provide programmer with dimensioning 
information for developing programmed instructions 
for the production of piece part. 

SOURCE OF STANDARD: 



Writing team of incumbent workers. 
Numerical Control Ma chining series 

CONDITIONS FOR PERFORMANCE OF TASK: 



Sketch pad 

Measuring instruments 
Penc i I s 

Spac i a I perception 
Erasers 

Uor kp i ece sea I es 



ENABLING OBJECTIVE: 



1. Use precision measuring instruments. 

2. Sketch orthographic views and a pictorial view of 
workp i ece. 

3. Locate rectangular coordinates relative to workpiece. 

4. Design fixture applicable to locate and hold the part 
when mach i n i ng. 



^'RESOURCES: 



1. Washington, A.J. , Basic Te chnical Mathemafcica, The 
Benjamin Cummings Publishing Co., Reading, 1985. 

2. French and Swensen. Mechani cal Drawing^ McGraw 
Hill Book Company, New York, NY. 1966. 

3. W. C. Brown. Blueprint Reading For Ind»«fcrv. 
Goodheart-Wl I cox. South Hoi land, IL. 1983. 

4. E. G. Hoffman. Jig and Fixture Design. Delm&r 
Publishers, Chicago, IL. 1985. 

5. Checklist - Sketching desired workpiece. 

6. Visual aid - Workpiece. 
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TEACHING 



ACTIVITIES: 



1. Present lecture on use of measuring tools. (»2) 

2. Demonstrate use of measuring tools. 
3* Instruct student to measure a part. 

4. Present lecture on sketching a workpiece. (»1,3 & 4) 

5. Discuss the rectangular coordinate system, its 
relation to the machine tool, and application to the 
workpiece design/function. 

6. Discuss orthographic vs. pictorial of the workpiece. 

7. Demonstrate principles of fixture design. 

8. Discuss, illustrate special notes to the operator. 

9. Instruct student to draw a sketch of a workpiece. 
(-5) 



CRITERION-REFERENCED MEASURE: 



Given a workpiece, the student will measure the part, 
determine a coordinate system, design a position/ 
holding fixture, specify operation notes, and sketch 
the wo rk p i ece . 



PERFORMANCE GUIDE: 



1. Develop front elevation view of workpiece. 

2. Develop top and side view of workpiece, 

3. Locate all dimensions from one common datum: 

a. Locate zero point. 

b. Locate f ixtur ing. 

c. Locate setup point. 

d. Locate reference datums. 

e. Locate coordinates. 

4. Place reference notes and safety notes at lower right 
hand corner of sketch. 
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ORTHOGRAPHIC VIEW 




CHECKLIST 



DUTY Progra mming and planning, 

TASK Draw sketch of desired workpiece. 

ENABLER Sketch orthogra phic vieyis and a pictorial 

view of workpiece, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR; 

Use the following checklist to evaluate sketching 
orthographic views and a pictorial view of workpiece. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Measured workpiece using percision 
tools. 

- Developed a front elevation view 

of the workpiece. 

- Developed a top and side view of 

the workpiece. 

- Located all dimensions from one 
datum. 

- Placed reference notes at the lower 

right hand corner of the sketch. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #4 

TASK; Select manual or computer-assisted program* 
STANDARD OF PERFORMANCE OF TASK; 

Completion of acceptable workpiece by selected 
program and economic utilization of machines and 
manpower • 

SOURCE OF STANDARD; 

Writing team of incumbent workers, 
1985 NC/CAM Guidebook 

CONDITIONS FOR PERFORMANCE OF TASK: 

Computer software 

Tape punch 

Program part 

Tape reader 

Wor kp i ece Print 

Manual Programming Manuals 

Tool part specifications 

ENABLING OBJECTIVE; 

1. Estimate time/cost needed to manually program part. 

2. Estimate ti me /cost needed to program part with 
computer assist. 

3. Determine whether manual part programming or computer 
assisted part programming v:ould require less time/ 
cost. 

•RESOURCES; 

1. Pusztai and Sava. Computer Numiirical Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerical Control Part Programming, 
Industrial Press Inc., New York, NY. 1973. 

3. William Luggen. Fundamentals of N umerical ControK 
Del mar Publ ishers Inc. , Albany, NY. 1984. 

4. James Childs. Principl es of Mumerical Control. 
Thl rd Edl t ion. Industrial Press Inc., New York, 
NY. 1982. 

5' Compact !I Programming Manual. Ma mi f a e t « r i n g Data 
System Inc, Ann Arbor, MI. 1983. 
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RESOURCES: (cont . ) 



6* Bridgeport Series \ CNC Prograrpm l ng Manual, Boss B 
Software. Bridgeport Machine Tools, Bridgeport, 
CT. 

TEACHING ACTIVITIES: 

1. Present lecture on types of programming. (1,2,3,4, 
5 & 6) 

2. Discuss the time/cost considerations for different 
types of programming 

3. Discuss Manual Programming: each tool position per 
block. 

4. Discuss Manual Programming: canned cycles. 

5. Discuss computer assisted programming. 

6. Conduct question and answer session on workpiece 
features vs. programming considerations. 

7. Instruct student to select the most efficient method 
of programming given a list of part features to be 
programmed . 

CRITERION-REFERENCED MEASURE: 

Given a variety of workpiece features to program the 
student will determine/elect the most efficient 
method of programming. 

PERFORMANCE GUIDE: 

1. Check source for family of partb: 
r.. Edit for adaptation. 

b. Make changes on standards with program 
( i f necessary) . 

2. Determine degree of complexity of shapes for program; 

a. Simple shapes - use manual program. 

b. Complex shapes - use computer. 

3. Determine availability of computer access. 

4. Make program selection. 
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GUIDE SHEET 



DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #5 

TASK: Choose machine tools for part. 

STANDARD OF PERFORMANCE OF TASK: 

Based on availability, machine tool must yield the 
most economical output with highest productivity. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

1985 CNC/CAM Guidebook 

Machinery Data Handbook, 3rd Edition. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine tools 
Cut ting tool list 
Blueprint for piece part 
Machinery data handbook 
Knowledge of shop facilities 

ENABLING OBJECTIVE: 

1. Identify tool materials used on specific part 
ma t e r i a 1 8 . 

2. Identify geometry used for specific part materials. 

3. Determine machine tools to be used. 

•RESOURCES: 

1. Pusztal and Sava. Computer N umerical Conl!r9|, 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerical Control _Parfc Programming, 
Industrial Press Inc., New York, NY. 1973. 

3- HilUng Handbook of High Efficiency MefcAl CutMng. 
Carbo 1 oy Sy s terns Department, Detroit, Ml. 

4. Wi 1 1 iam Luggen. Fundamentals of N umerical Control. 
Delraar Publishers, Inc., Albany, NY. 1984. 

5- Bridgeport Series I CNC Programming MantiAl. Boss 6 
Sof tware. Bridgeport Machine Tools, Bridgeport, CT. 

6- Turning Handbook of High gf ficiencv Metal Cutting. 
Carboloy Systems Dept, Detroit, MI. 

7. Visual aid - Machining tools. 

8. Checklist - Selecting machine tools. 
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TEACHING ACTIVITIES. 



1. Present lecture on types of CNC machine tools. ( » 1 . 2 
& 3) 

2* Discuss 1 00 1 /ma te r i a 1 machining reference charts. 

3. Demonstrate how to use tool ma chining reference 
charts to determine optimum tooling. 

4. Present lecture on tooling considerations. (»1.2.3.4, 
5 & 6) 

5. Discuss types of materials vs. tool choice. 

6. Discuss tool choice vs. cost. 

7. Discuss tool choice vs. operation to be performed. 

8. Discuss speed, feed, depth of cut as factors of tool 
cost. 

9. Demonstrate how to match tooling operation, material 
type and ma chine tool to obtain the optimum quality 
and cost ef f i c I ency . 

10. Instruct student to select the machine tools to be 
used to machine a workpiece out of a specified 
ma t e r i a 1 . 

CRITERION-REFERENCED MEASURE: 

Given a variety of ma chining operations and part 
materials the student will select tool materials and 
tool geome try. 

PERFORMANCE GUIDE: 

1. Determine type of materials to be machined. 

2. Identify machining processes. 

3. Adapt machining process to combine operations where 
possible. 

4. Select automatic tool changers for multiple cutting 
too 1 operat i ons . 

5. Establish machine tool loading and unloading 
require me nts for workpiece. 

6. Match machining requirements to minimize labor costs, 
minimize machine tool operating oost. 

7. Maximize piece part production to machine tool on 
which operation can be most efficiently performed. 
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MACHINING TOOLS 



DRILLING 



Twist Shank 
Drill 




DRILLING 



Space Dr i 



DRILLING 



Carbide Insert 
Drill 



REAMING 



Spiral Flute 
Reamer 



/IN 



LSJ 



TAPPING 



Fluted Tap 



BORING 




Bor ing Bar with 
Carbide Insert 



MILLING 



Ooub I e-end 
g Enditiill 




COUNTERSINKING 



Single-fluted 
Counters i ni: 



COUNTERBORING 



Pi loted 
Ccunterbore 



CHECKLIST 



DUTY ProgrAm mlng and planning. 

TASK Choos e mach i ne tools for part. 

ENABLER Determine mach ine tools to be used, 

STUDENT^ S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED 

TOTAL 



DIRECTIONS TO THE EVALUATOR: 



Use the following checklist to evaluate choosing machine 
tools to be used. 



PERFORMANCE DETERMINANTS YES NO 

The preparer 



- Identified the materials to be 
mach i ned. 

- Identified the machining processes 
/operations to be performed. 

- Identified machine tools needed to 
perform the process^ 

* Consulted tool machining reference 
charts for opt i mum combinations. 

Adapted machining process to 
combine operations where possible. 

Identified machine tool loading and 
unloading requi rements. 

-* Matched machining requirements to 
minimize labor and operating costs 
and maximize production efficiency. 
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GUIDE SHEET 
DUTY; Programming and Planning 



PERFORMANCE OBJECTIVE #6 

TASK; Select too Is and holders. 

STANDARD OF PERFORMANCE OF TASK; 

Cutting tool selected must create piece part as 
specified on print. Tool holder must fit cutting 
tool. 

SOURCE OF STANDARD; 

Writing team of Incumbent worker?. 
1985 NC/CAM Guidebook 

Machining Centers Operator's Training Guide. 

CONDITIONS FOR PERFORMANCE OF TASK; 

Cut t i ng tool s 

Tool holders 

Cutt ing tool numbers 

Cutter diameters 

Tool length compensation values 

Piece part specifications 

Tooling policlos and standards 

Manufacturer 's ^operator's/programming manual 

Knowledge of ma chine tool para me tors and 

capab i 1 i t i es 

ENABLING OBJECTIVE; 

1. Specifically machining procedures. 

2. Select carbide grade tools and insert holders. 

3. Read manufacturers catalogs and reference materials. 

4. Complete tool data sheet for machine. 



"RESOURCES: 



Pusztai and Sava. Computer Nt>teriCAl Control. 
Resfcon Publishing Company, Inc., Reston, VA. 1983. 
James Childs. Numerical Control Part Pro gramming, 
Industrial Press Inc., New York, NY. 1973. 
Milling Handbook o f High Efficiency Metal Cuttlnq, 
Ca r bo I oy Sy s tems Depar tmen t , Det r o i t , MI . 
Turning Handbook of High F^ nclencv M^tal Cutting 
Carboloy Systems Dept, Detroit, MI. 
BrNK^Por t S^^ies I CNC Programming Manual, Boag 6 
Bridgeport Machine Tools, Bridgeport, CI. 
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RESOURCES: (con t. ) 



6. William Luggen. Fundamentals of Numerical Control, 

Delmar Publishers, Inc., Albany, NY. 1984. 
v. Checklist - Selecting tools and holders. 

TEACHING ACTIVITIES; 

1. Present lecture on types of ma chining tools and 
holders. («1,2,3,4,5 & 6) 

2. Discuss types of machine tools and their 
applications. 

3. Discuss carbide grades and their applications. 

4. Discuss tool geometry relative to material to be cut. 

5. Discuss tool holders needed to hold carbide inserts. 

6. Discuss speed, feed, depth of cut factors effect tool 
life/cost. 

7. Demonstrate different types of machining tools and 
their corresponding holders. 

8. Discuss completing a tool data sheet. 

9. Demonstrate completing a tool data sheet. 

10. Instruct student to select the machining tools and 
holders needed to ma chine a given workpiece. <»7) 

CRITERION-REFERENCED MEASURE: 

For a variety of machining operations the student will 
select the ma chine tools and tool holders that 
optimize machining. Student will complete a tool data 
sheet. 

PFRFORMANCE GUIDE: 

1. Outline ma chining procedures. 

2. Check cutting tool dimensional standards for 
prec i 8 i on to 1 erance. 

3. Select shortest and most rigid cutting tool that can 
be app 1 led to job. 

4. Utilize graded carbide and carbide i ndexab ! e- i ns er t 
type tools wherever possible in preference to high 
speed 8 tee 1 . 

5. Ut i 1 i ze commerc I al, pre-set, or qualified types of 
tools on lathe or e r a t i on s --bu t do not mix types on 
any particular machine. 

8., Identify tools and holders for piece part on basis of 
type, specific cutting edge materials, diameter, and 
max i mum tool length. 

7. Check for tool holders and cutting tool number on 
operation or procedure sheet. 

8. Enter cutting tool number or program sequence number 
in computer program. (Refer to specific machine tool 
manufacturer* s p rogramm i ng manua 1 . ) 

9. Identify tools for set-up of ma chine operator. 
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CHECKLIST 



DUTY Programming and planning. 



TASK Selact tools and holders. 



ENABLER Select carbide grade tools, and insert holders, 
STUDENT'S NAME , OAXE 



EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATORs 

Use the following checklist to evaluate selecting carbide 
grade tools, and inserting holders, 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

" Outlined machining procedures, 



" Checked cutting to dimensionai 

standards for precision tolerances, 

- Selected appropriate machining 
tools and holders, 

- Used carbide tools whenever possible, 

- Identified tools and holders for 
piece part based on type, cutting 
edge materials, di ame t e r and 
maximum tool length, 

- Entered cutting tool number or 
program number in computer program. 

- Made up a tool list for SF/t-up, 
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GUIDE SHEET 
DUTY: Pi'ogrammi ng and Planning 



PERFORMANCE OBJECTIVE #7 



TASK: Select spindle speed. 
STANDARD OF PERFORMANCE OF TASK: 



Spindie speed must be set to the revolutions per 
minute or for material as specified in machinery 
handbook. 



SOURCE OF STANDARD: 



Numerical Control Machining Series. 
Writing team of incumbent workers. 
Machinery Data Handbook 



CONDITIONS FOR PERFORMANCE OF TASK: 



Computer 

Machinery handbook 

Identification of material type and hardness to be 
machined 



ENABLING OBJECTIVE: 



1. Detern:lne 

2. Determine 

3. Determine 

4. Ca ! cu 1 a te 



mach 1 n 1 ng ope r 
too 1 mater ia 1 . 
workplece mate 
spindle speed. 



a t i on . 

rial, ha rdnes s . 
(RPM) 



-RESOURCES: 



1. Pusztai and Sava. Compu te r Nume rical Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerical Control Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

3- Milling Handbook of High Efficiency Metal Cutting. 
Carboloy Systems Department, Detroit, MI. 

4. William Luggen. Fundamentals of Numerical Control. 
Del mar Publishers, Inc., Albany, NY. 1984. 

5. James Childs. Principles of Numerical Control. Third 
Edition. 

Industrial Press Inc., New York, NY. 1982. 

6. Turning Handbook of High EfflcienGv Metal Cutting. 
Carboloy System Dept, Detroit, MI. 

7. Krar S.F., Oswald J.W., and Amand J.E., Technology of 
Maghlne Tools. Second Edition McGraw Hill Book Co, 
Ch i cago, I L. 
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RESOURCES: (cont . ) 



8. Checklist - Calculating spindle speed. 
9* Machining Data Handbook. Mach t nah t i t f y Data Center, 
Metcut Research Associates, Inc., Cincinnati, OH. 
10. American Machinist. Numerical Control Machine 
Series, 

Beckworth and Associates, Cleveland, OH, 1978. 
TEACHING ACTIVITIES: 



1. Present lecture on selecting spindl© applications, 
tool materials, and recommended cutting speeds. 

2. Discuss speed/material reference charts. 

3. Discuss tool materials and applications. 

4. Discuss workpiec© materials vs. cutting rates. 

5. Discuss conversior of cutting rate to spindle speed, 
(revolution per minute) 

6. Demonstrate use of speed/material reference charts. 

7. Demonstrate converting cutting rate to spindle speed 
(revolution per minute) 

8. Instruct student to select spindle speed based on 
tool material, tool application and workpiece 

ma t e r I a 1 . 



CRITERION-REFERENCED MEASURE: 



The student will determine an acceptable recommended 
spindle speed by calculation and table reference for 
various machining applications and materials. 

PERFORMANCE GUIDE: 



1. Determine type of machining process to be used (i.e. 
Grilling reaming, turning). 

2. Identify work material to be used. 

3. Obtain cutter diameter. 

4. Identify from the machinery handbook for standard 
value cutting rate. (NOTE: Utilize constant surface 
feed per minute when available on machine.) 

5. Convert cutting rate to revolutions per minute 
[formula: rpm (revolutions per minute) = sfm 
(surface feet per minute) x constant (3.1416) divided 
by D (diameter of cutter)]. 

NOTE: Cutting rate is measured in inches per minute 
(ipm) or meters per minute (mpm). 
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CHECKLIST 



DUTY Progra mming and planning. 



TASK Select spindle speed. 



ENABLER Calcul ate spindle aPeed (RPM) 



STUDENT'S NAME DATE _ 

EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED ^_ 

TOTAL 



DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate calculating spindle 
speed. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Determined the type of machining 

process/application to be used. 



- Obtained appropriate machining tools 

~ Obtained speed/ ma terials reference 
charts. 

- Found the spindle speed setting on 
the reference charts. 

~ Calculated the spindle speed setting 
by hand to verify chart setting. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE tt8 



TASK : Select feedrate for axis travel. 



STANDARD OF PERFORMANCE OF TASK: 



Feedrate must be in compliance to the design of 
the cutter and type of material being machined. 
Feedrate must provide for smooth and continuous 
operation of cutting tool through the workpiece 
for completion of piece part. 

SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



Compu t e r 

Machinery handbook 

Identification of material type and hardness to be 
mach i ned 



ENABLING OBJECTIVE: 



1. Determine spindle speed. 

2. Determine feed per revolution or feed per tooth. 

3. Calculate feed value using a formula. 

4. Determine feedrate for axis travel. 



•RESOURCES: 



1. Pusztai and Sava. Computer Numerical Control, 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerical Confero i Part Programming, 
Industrial Press Inc., New York, NY. 1973. 

3. Krar, Oswald, and Amand. Technology of Machine 
Tools. Second Ed i tlgn, McGraw Hill Book Company, 
Ch i cage, IL. 

4. William Luggen. Fundamen tals of Numerical Control. 
Del mar Publ ishers. Inc. , Albany, NY. 1984 

5. James Childs. Principles of Numerical Control. Third 
E^l t Unt Industrial Press Inc., New York, NY. 1982 

6. Checklist - Determining feedrate. 

7. Visual aid -Axis travel . 
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TEACHING ACTIVITIES: 



1. Present lecture on determining feed rate. (»1 2 3 
4 & 5) t , . 

2. -discuss factors affecting feed rate including cutter 
diameter, cutter material & spindle speed. 

3* Discuss feed rate reference charts. 

4. Discuss feed per revolution and feed per tooth. 

5. Demonstrate how to use feed rate reference charts. 

6. Demonstrate how to convert feed per revolution and 
feed per tooth feed per minute and feed per 

m i 1 1 i me te r . 

7. Instruct student to determine feed rate for axis 
travel in millimeters and inches per minute. (»6) 

CRITERION-REFERENCED MEASURE: 

The student will calculate the axis travel feed rate 
in Inches per minute or milli meter for "spindle 
plunge" and contour milling operations. 

PERFORMANCE GUIDE: 

1. Identify feeds table chart in machinery handbook. 

2. Determine cutter dimension. 

3. Identify cutter material. 

4. Obtain feed in inches per minute or millimeters per 
minute. 

5. Convert feed to feedrate using the following formula: 
Drilling p rocess s 

Feed rate=Feed x Spindle speed 
Inches or millimeters per minute = inches or 
millimeters per revolutions x revolutions per minute 
( i pm = i pr X r pm) . 

Milling proGBss ! 

Feed in inches per minute is equal to feed per tooth 
in inches times number of teeth per cutter times 
revolutions pmr minute 
(F= f X T X rpm). 
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AXIS TRAVEL FOR HORIZONTAL 
AND VERTICAL N/C MACHINES 




CHECKLIST 



DUTY Programmtng and planning. 



ERIC 



TASK Select feedrafce for axis travel. 



ENABLER Determi ne feedrate for axis travel, 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate determining 
feedrate for axis travel. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Determined ma chining processes or 
operations to be performed. 



- Identified workpiece material. 

- Identified the cutter material and 
cut ter d Imens ion. 

- Determined spindle speed (revolutions 
per minute). 

- determined the feedrate in Inches 
or milli-meter per minute. 

- Readied the feedrate to provide a 
smooth &nd continuous operation 
through the completion of piece 
par t . 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #9 

TASK; Position workpiece in relation to machine axis. 
STANDARD OF PERFORMANCE OF TASK: 

Positioning of piece part in work holdi-g device 
or on table must allow complete machining of part 
without the occurrence of axis overtravel or 
creating clearance problems. 

SOURCE OF STANDARD: 

Numerical Control Machining Series. 
Writing team of Incumbent workers. 



CONDITIONS FOR PERFORMANCE OF TASK; 



Compu t er 

CNC mach i ne tool 
Print spec I f I cat I on 



Uor kp I ece 
Computer sof tware 



ENABLING OBJECTIVE; 



1. Position the workpiece on the CNC machine wcrktable 
so that the programmed tool travel is within machine 
travel 1 Iml ts. 

2. Determine machine axis motions. 



-RESOURCES: 



1. 
2. 
3. 

4. 

5. 
6. 



James Childs. Numerical Control Part Progr Amnn nff ^ 
Industrial Press Inc., New York, NY. 1973. 
William Luggen. Fundamentals of N umerical Control. 
Delmar Publishers, Inc., Albany, NY. 1984. 
a/tdggport Series I CMC Programming ManiiA l, Boss 6 
Sof twaret Bridgeport Machine Tools, Bridgeport, CT. 
Manufacturer' s operator manual. 
Checklist - Positioning workpiece. 
Visual aids - a. Workpiece relating travel axis. 

b. Axis motions and right hand rule. 



TEACHING ACTIVITIES: 

1. Present lecture on positioning workpiece on worktable 
or in holding device. («1,2,3 & 4) 

2. Discuss the axis motion of travel for the CNC 
mac h i ne . 
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TEACHING ACTIVITIES: (cont.) 



3. Discuss the right hand rule for establishing axis 
mot Ion. 

4. Demonstrate the right hand rule for axis motion. 

5. Discuss worktable and tool travel limitations. 

6. Demonstrate how to determine programmed tool and 
worktable travel limits. 

7. Demons t rate good and bad workplece positions. 

8. Conduct a question and answer session on workpiece 
positioning and axis motion determination. 

9. Instruct student to position workpiece on worktable 
in relation to ma chine axis motions. (»5) 

CRITERION-REFERENCED MEASURE: 

The student will position the workpiece in relation 
to the machine axis motions so that the programmed 
tool travel limits and enhance operator function. 

PERFORMANCE GUIDE: 

1. Determine size of piece part and/or workholding 
device. 

2. Check manual for axis travel range of specific 
mach i ne tool. 

3. Establish datum plane or set point in relation to 
mach i ne axis: 

a. Long side of the part surface corresponds to the 
X axis. 

b. Short side of the part surface corresponds to the 
Y axi s. 

c. Depth of the part corresponds to the X axis. 

4. Compare datums and ordinate dimensioning to establish 
ma chining guidelines. 

NOTE: Guidelines a, b, and c are the more common methods, 
however, when exceptions occur, the datum plane is 
determined by the method of clamping, the geometry 
of the part, or the area to be cut. 
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RELATION OF WORKPIECE TO 




l-lorizontal Z axis is drawn in 
to the X and Y axes, work 
machine table. 



piece 
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RELATIONSHIP OF WORKPIECE TO AXES 




Vertical Z axis Is drawn in relation 
to the X and Y axes, workplece/ and 
mac h I ne table. 

38'' 
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RIGHT HAND RULE FOR THREE AXIS MACHINE 

^ Z 



r 




The right hand rule shown above 
establishes the plus (+) X.Y. and Z 
directions. The minus (-) directions 
would be opposite to those shown above. 



CHECKLIST 



DUTY Programmi ng and planning, 



TASK Position workp iece In relation to manhlne axis. 

ENABLER Position the w orkplece on the CNC ffiachine 
worktable so fhat the programmed ^ 

o 0 1 t r a e 1 

is within mac hine travel limits. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate positioning the 
workplece on the CNC machine worktable so that the 
programmed tool travel is within machine travel limits. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 



- Identified the type of CNC machine 
(horizontal or vertical). 

- Determined workpiece and holding 
dev ice size. 

- Determined worktable or holding 
device axis motions and travel range. 

- Determined machine tool axis motions 
and travel. 



Determined the position of the 
workpiece in relation to machine 
axis motions. 



Positioned the workpiece on the 
worktable or in holding device 
allowing complete machining without axis 
overtravel or clearance problems. 
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GUIDE SHEET 



DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #10 

TASK: Determine absolute or incremental mode. 

STANDARD OF PERFORMANCE OF TASK: 

Absolute or incremental mode as specified by 
machine code must appear on machine program and/ 
or control panel of machine tool. 

SOURCE OF STANDARDS 

Writing team of incumbent wo r hers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Computer 

P i ece part 

CNC machine tool 

Pr int specif icat ion 

ENABLING OBJECTIVE: 

1. Program machine G word/code to specify type of mode. 

2. Define absolute tool dimension and incremental tool 
d imens ion. 

3. From a workpiece print: 

A. Identify incremental dimension and absolute 
d imens ion. 

B. Convert incremental dimensions to absolute 
dimensions and vice versa. 

4. State advantages, disadvantages and applications of 
incremental di mens ion and absolute di mens ions. 

5. Select absolute or Incremental mode. 

•RESOURCES: 

1. Pusztai and Sava. Computer NumerioAl Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Cnilds. Numerical Control Part Pr Agf Qmm i ng. 
Industrial Press Inc., New York, NY. 1973. 

3. James Childs. Principles of Mum erical Cnntrr^l. 
Industrial Press Inc., New York, NY. 1982. 

4. Wllllt.m Luggen. Fund.imenfca 1 s of Nu merical Cflntrol. 
Del mar Publ i shers Inc. , Albany, NY. 1984. 

5. Manufacturer's programming manual. 

6. Selected workpiece prints. 
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RESOURCES: (cont . ) 



7. Checklist - Selecting absolute or incremental mode. 

8. Visual aid - Abs o 1 u t e/ I nc r emen t a 1 system chart. 

TEACHING ACTIVITIES! 



1. Present lecture on absolute v s . i nc r emen t a 1 
programming modes and their functions. («1,2,3,4 & 5) 

2. Discuss G word codes used to specify incremental tool 
dimensions and absolute tool dimensions. 

3. Definition of absolute dimensions and incremental 
d i mens ions. 

4. Discuss advantages, disadvantages and applications of 
absolute dimension and incremental dimensions. 

5. Identify absolute dimensions and incremental 
dimensions from a workpiece print. («6) 

6. Demonstrate how to convert absolute dimension to 
incremental dimensions and visa versa. 

7. Instruct student to identify absolute and Incremental 
dimensions and select proper program mode. (»6) 

CRITERION-REFERENCED MEASURE: 



The student will specify a G word/code which the 
machine operation will use. Identify absolute 
dimensions and incremental dimensions for each 
machine ope r a 1 1 on/ p r oce s s determine If the absolute 
or incremental mode should be progr ammed 

PERFORMANCE GUIDE: 



Examine piece part detail for: 

a. Number of locations that require accurate 
dialling, boring, reaming, tappir^, or turning. 

b. Number of locations that require straight or 
con tou r milling. 

c. Tolerance and accuracy required. 

d. Complexity of contour shapes in piece part. 
Sel^st incremental mode if: 

a. Accuracy and tolerance do not present any 
P r ob 1 ems • 

b. Little or no contour milling is required. 
Select absolute mode if: 

a. Close tolerances and high accuracy are required. 

b. Complex contour milling is required. 

c. Determine cutting tool location in relation to 
specific datum point. 



NOTE: Absolute mode is the most widely used and accepted 
of the two modes. Use of both modes can be used 
to complete a ma chining operation using 
sub-routines. 
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ABSOLUTE vs. INCREMENTAL DIMENSIONING 




5.87 



ABSOLUTE DIMENSIONING 
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INCREMENTAL DIMENSIONING 
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CHECKLIST 



DUTY Programming and planning. 



TASK Determine absolute or inc remantal mnde. 
ENABLER Select absolu te or incremental mode, 
STUDENT'S NAME qaTE 



EVALUATOR'S NAME COURSE 

TIME : STARTED ^ COMPLETED 

TOTAL ..^ 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate selecting absolute 
or incremental mode. 

PERFORMANCE DETERMINANTS YES NO 

" Identified workpiece locations 
requiring drill ing, boring, 

reaming, taping or turning. 

- Identified workpiece locations 

requiring straight or contour milling. 

- Determined the tolerance and 

accuracy required for the workpiece. 

- Identified the complexity of the 

contour shapes in the workpiece. 

- Identified the operations which 

could be porforuied in absolute mode. 

- Identified the operations which 
could be performed in incremental 

mode. 

- Programmed the proper G words/ 
codes at the beginning of each 
operat ion. 
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DUTY: 



GUIDE SHEET 
Programming and Planning 



PERFORMANCE OBJECTIVE #11 



TASK: Compute polar/rectangular coord inate$. 
STANDARD OF PERFORMANCE OF TASK: 



Coroputat Ion of coordinates must result in 
completion of workplece in accordance to blueprint 
specifications with optimum results form CNC 
equ i pmen t . 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK; 

Computer 

Part print specifications 
Manufacturer's programming manual 

ENABLING OBJECTIVE: 



1. Identify rectangular and polar coordinates. 

2. Convert rectangular coordinates to polar coordinates 
and vice versa. 

3. Program rectangular and polar coordinates. 

4. Establish rectangular coordinate system to the part 
used for programming. 

•RESOURCES: 



1. Pusztal and Save. Computer NMmefteal ConferoK 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. Will las Luggen. Fundament al Of Numerical CQtitrol . 
Delaar Publisher Inc., Albany New York 1984. 

3. A.J. Washington. Basic Technical Ma themattci . The 
Benjamln/Cummings Publishing Company, Reading, 1985. 

4. Manufacturer's programming manual. 

5> Visual aid - Cartesian and Polar coordinate systems. 
8. Checklist - Establish pi oar/rectangu 1 ar coordinates. 

TEACHING ACTIVITIES: 



1. Present lecture on polar verses cartesian coordinate 
system. («1,2 & 3) 
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TEACHING ACTIVITIES: (cont.) 



2. Discuss definitions of polar coordinates 
(cylindrical) and cartesian coordinates 

( rectangu lar ) . ( «5) 

3. Discuss and illustrate the tanget trigonometric 
function to determine the angle of a polar 
coord inate. 

4. Discuss and illustrate the Pythagorean theorem to 
calculate the radius of the polar coordinate. 

5. Discuss and illustrate how to convert polar 
coordinates to rectangular coordinates and vie© 
versa. 

6. Discuss and illustrate how to program polar and 
rectangular coordinates. 

7. Discuss factors used to determine the position of 
rectangular coordinates to parts. 

8. Instruct student to compute polar and rectangular 
coord I nates . 

CRITERION-REFERENCED MEASURE: 

The student will mathematically convert polar 
coordinates to rectangular coordinates, determine the 
orientation and position of a rectangular coordinate 
system to various workpleces and program rectangular 
coordinates and polar coordinates. 

PERFORMANCE GUIDE: 

1 • Read b 1 uepr Int. 

2. Define part surfaces from three mutually 
perpendicular reference planes. 

3. Establish reference planes a!^>ng part surfaces which 
parallel the machine axes. 

4. Dimension from a physical point on the surface. 

5. Determine allowable tolerance for the part. 

6. Analyze surface Irregularities on sculptured surfaces 
of piece part. 

7. Dimension the part to determine physical shape 
without downstream calculations and assumptions* 

8* Describe or define part to permit cutter path to be 

readl ly computed. 
9. Enter Information In program. (See manufacturer's 

programming manual.) 
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CARTESIAN vs. POLAR COORDINATE SYSTEM 



Z 




(Si 



Polar and/or Cylindrical Coordinate Systerr 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #12 

TASK: Compute workpiece geometry. 

STANDARD OF PERFORMANCE OF TASK: 

When converted into machine language, the 
workpiece geometry must provide data for completed 
workpiece which meets blueprint specifications. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
NC Programming Premier. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Sketch 

Compu t e r 

B I uepr I n t 

Coordinate value 

Determine metric or inch 

Appropriate direction sign 

Decimal or no decimal point 

Fixed block programming 

Leading or trailing zero suppression 

ENABLING OBJECTIVE: 

1. Read blueprint and computer statements necessary to 
define coordinate systems, geometry, and computation 
expressions. 

•RESOURCES: 

1. Pusztal and Sava. Computer Numarle^l Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. William Luggen. Fundaman t<t I of Num »rtcal Control . 
Delraar Publisher Inc., Albany New York 1984. 

3. James Chi Ids. Numerical Control Part Programm l n.y. 

Industrial Press Inc., New York, NY, 1973. 

4. James Chi Ids. Prlnelol ei Of Mnmerleal Control. 

Third EdI tign. industrial Press Inc., New York, NY 
1982. 

5. W.C. Brown. Blueprint Reading F Industry . 
Goodhar t-WI 1 Icox, South Holland, 1983. 
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RESOURCES: (cont . ) 



6. A.J. Washington. Basic Te chnical Mathematics . The 
Ben jamin/Cummings Publishing Company, Reading, i985. 

7. Manufacturer's programming m?nual. 

8. Visual aid - Workpiece blueprint. 

TEACHING ACTIVITIES: 



1. Present lecture on computing workpiece geometry. 
(•1,2,3,4,6) 

2. Discuss reading a workpiece blueprint. ("S) 

3. Define: the points, lines and circles on a workpiece 
print. 

4. Discuss definition and motion statements. 

5. Discuss and demonstrate reading and interpreting a 
list file of the geometry statements. 

6. Illustrate computational expressions to determine 
geometry data. 

7. Demonstrate how to compute workpiece geometry. 

8. Instruct student to compute workpiece geometry using 
a workpiece blueprint. 

CRITERION-REFERENCED MEASURE: 



With the use of a computer system and a workpiece 
print the student will define workpiece geometry 
necessary to produce a part program. 

PERFORMANCE GUIDE: 



Load computer system soft ware. 

Utilize zero suppression and decimal points to 
eliminate extra characters in the program. 
Enter geometric dimensions as needed for machining 
process (as per Instructions in specific computer 
systems sof tware/hardware gu ide) : 

a. Axl s coordinates. 

b. Tool positioning coordinates. 

c. Z and R depth. 

d. Speeds and feeds. 

e. Zero reference plane, 
f • Over t rave 1 . 
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GUIDE SHEET 



DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #13 

TASK: Verify cutter path. 
STANDARD OF PERFORMANCE OF TASK: 



Verified cutter path must provide documentation of 
piece part outline and cutter clearances and 
maintain blueprint specifications and standards. 

SOURCE OF STANDARD: 



Writing team of incumbent workers. 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TACK: 

Template 
Compu t er 
Penc i 1 

Computer graphics software 
Part one of part program 
Print specifications 
Pen-type plotting unit 

ENABLING OBJECTIVE: 



1. Write a program defining workpiece geometry, fixtu 
geometry and tool path. 

2. Computer process program and verify via plot. 

"RESOURCES: 



1. Pusztal and Sava. Comnutar Numerical Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. Wi 1 1 iaa Luggen. Fundamentals at M umerioal Control . 
Delmar Publishers, Inc., Albany New York, NY, 1973. 

3. Jam«f Chllds. Numerteal Cotitrol P art Programn.! ng . 
Induftrial Press Inc., New York, NY, 1973. 

4. James Chllds. PrlnoSPlei of Numerical Control. Thif^ 
Ed t t t on . Industrial Press Inc., New York, NY, 1982. 

5« Compact II Programming Manual. Manufacturing Data 

Inc., Ann Arbor, MI, 1983. 
8. Manufacturer's programming manual. 
7. Visual aid - Plotted cutter path. 

TEACHING ACTIVITIES: 



1. Present lecture on plotting, verifying and 
documenting cutter path. ("1,2,3,4,5 8c 8) 
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TEACHING ACTIVITIES; (cont.) 



2. Discuss developing Initial program. 

3. Demonstrate how to define workplece geometry. 

4. Discuss and demonstrate activate tools. 

5. Discuss how to run the program. 

6. Discuss and demonstrate how to plot geometry and 
verify cutter tool path. 

7. Instruct student to plot and verify cutter tool path. 

CRITERION-REFEfiENCED MEASURE: 

The student will demonstrate how to produce, run, and 
plot a program illustrating the relationship between 
workplece geometry, fixture geometry, and tool path. 

PERFORMANCE GUIDE: 

1. Complete procedures necessary to define cutter path. 

2. Develop documentation. 

a. Plot cutter path using pen plotter and computer 
pr I n t-ou t . 

b. Manua 1 ly : 

1. Construct circles along plotted cutter path 
(using plastic templates) to represent a 
cutter. 

2. Develop drawing to show cutter path outline 
In relation to fixture to determine possible 
I nter f erence. 

c. Computer-generated graphics; 

1. Enter GL geometry. 

2. Generate cutter path on CRT screen and/or 
plotter. 

3. Maintain defined cutter pa t h ' documen t a t i on for use in 
setting up machine and for CNC machine operator. 
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CUTTER PATH ROADHAP 




DUTY: 



GUIDE SHEET 
Programming and Planning 



PERFORMANCE OBJECTIVE #14 

TASK: Plot program. 

STANDARD OF PERFORMANCE OF TASK: 

Plotter program must represent part geometry and 
shape as specified on part print before program is 
committed to the machine tool loaded with 
workpiece. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

Compu ter 

Part print specifications 
Computer sof tware 
Piot ter 

ENABLING OBJECTIVE: 

1. Setup hardcopy piotter. 

2. Program piotter to setup scaie, views and pen. 

3. Activate piotter using computer terminal. 

•RESOURCES: 

1. Pusztai and Sava. Computer Numerleal Control, 

Reston Pubiishing Company, Inc., Reston, VA, 1983. 

2« CompaQt li Programming MMniia|, Manufacturing Data 
Systen Inc, Ann Arbor, MI. 1983. 

3. Manufacturer* s programming manual . 

4. Checklist - Piot program. 

TEACHING ACTIVITIES: 

1. Present iecture on program plotting procedures. (-l. 

2 & 3) 

2. Demonstrate how to setup hardcopy piotter. 

3. Discuss various DRAW commands to designate plot. 

4. Demons t rate computer terminal operation to produce 
piot. 

5. Discuss creating a source program. 
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TEACHING ACTIVITIES: <cont,) 



6. Discuss creating a list file. 

7. Discuss checking part geometry against tool path. 

8. Discuss color coding different tool operations. 

9. Demonstrate ploting a program. 

10* Instruct student to plot a program. 

CRITERION-REFERENCED MEASURE: 

The student will produce a hardcopy plot depicting a 
point to point and contouring tool path scaled to fit 
the paper s ize. 

PERFORMANCE GUIDE: 

1* Enable computer system. 

2. Call up tool geometry (if necessary). 

3. Enter commands necessary to bvild tool path display 
file. 

4. Enter start mode. 

5. Activate displey device. 
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CHECKLIST 



DUTY Programming and planning. 



TASK Plot program. 



ENABLER Program plotter to setup «ca le. vIaw<. and nan. 

STUDENT'S NAME D^^TE 

EVALUATOR'S NAME COURSE 

TIME : STARTED . COMPLETED 

TOTAL 



DIRECTIONS TO THE EVALUATOR: 

U«e the following checklist to evaluate programming plott 
to letup scale, views and pen. 

PERFORMANCE DETERMINANTS YES NO 

The T^reparer 

- Enabled the computer system. 

- Setup the plotter. 

- Identified the tool geometry. 



- Entered the commands necessary to 
build the tocl path display. 

- Activated source program and 
created list file. 

- Color coded different tool operations 

- Checked tool geometry against tool 
path. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #15 

TASK: Depict part graphically. 

STANDARD OF PERFORMANCE OF TASK: 

Computer must make use of visual geometric 
entitles on screen and create either actual 
machine commands or computer statement necessary 
for generating machine code. 

rr'-^^CE OF STANDARD: 

Writing team of Incumbent workers. 
1985 NC/CAM Guidebook 

TiONS FOR PERFORMANCE OF TASK: 

CAD/oAM system 
Part print 

Basic programming skills 
Basic trigonometry 

ENABLING OBJECTIVE: 

1. Duplicate the workpiece print on • CAD CAM system. 
"RESOURCES: 

1. Pusztai and Sava. Computer Num»rle|! Control. 

Reston Publishing Company, Inc., Reston, VA. 1963. 
2- CoaPUtTvIiion 2D. 3D Graphiai, Compu t e r V i s i on 

Corp, Boston. 

3. CAD/CAM operator's manual. 

4. CAD/CAM programer's manual. 

5. Checklist - Depicting part graphically. 

TEACHING ACTIVITIES: 

1. Present lecture on graphic depiction of a workpiece. 
("1,2,3 & 4) 

2. Demonstrate log in. 

3. Discuss graphic views. 

4. Discuss and demonstrate part geometry, line, circle, 
chamfer, arcfiliet. 

5. Demonstrate zoom. 
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TEACHING ACTIVITIES: (cont.) 



6* Demonttrate dynamic view. 

7. Demonttrate file/delete. 

8, Initruct student to depict part graphically, (nS) 
CR I TERk ON-REFERENCED MEASURE: 

The student will produce a muiti view picture 
containing part, lines, circles, chamfer, arc and 
fillet. Must depict sufficient data to later 
generate tool path. 

PERFORMANCE GUIDE: 

!• Load system soft wa re. 

2. Create and design elements to appear on a CRT screen. 

3. Rotate, enlarge, and zoom in on specific design 
features using computer software (if system permits). 

4. Call up line and direct cutter move along line. 

5. Complete design functions using workpiece data base. 
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COMPUTER GRAPHIC DEPICTION 
OF WORKPIECE 




□ □ 

□ □ 

□ □ 

□ □ 

□ □ 



□□□□□□□□□□□a 
□□□□□□□□□□□□ 

□□□□□□□□□□□□ 
□□□□□□□□□□□□ 

iCZIi 



J, 



□ 
□ 
□ 
□ 
□ 
□ 
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CHECKLIST 



DUTY Programming anri n Unntng. 
TASK Dgptot part graphical Iv. 



ENABLER Duplicate the wo rkptece hy printing on a 
CAD/CAM aviifyni, 



STUDENT'S NAME O^TE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR : 

Use the foilowing checklist to evaluate duplicating the 
workplece by printing on a CAD/CAM system. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Obtained workplece print. 

- Loaded the CAD/CAM system software. 



•■ Created workplece geometry elements 
on CRT screen. 

- Rotated, enlarged and zoomed in on 
specific features. 

- Depicted part graphically. 

- Stored graphic data In a file. 
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DUTY: 



GUIDE SHEET 
Programming and Planning 



PERFORMANCE OBJECTIVE #1? 

TASK: Define cutter path. 

STANDARD OF PERFORMANCE OF TASK: 

raograro must indicate the necessary tool pat-h 
coordinates to describe the path of the center 
of the cutter for machining process as specified 
on piece part blueprint. Cutter path should 
provide for standard clearance. 

SOURCE OF STANDARD: 

Numerical Control Machining Series. 

1985 NC/CAM Guidebook. 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Computer 

Sof twa re 

Bas i c geomet ry 

Bas i c t r i gonomet ry 

Print spec i f i cat i ons 

Format classification sheet 

Tooling and tooling procedure selected 

ENABLING OBJECTIVE: 



1. Complete a KC computer program to produce necessary 
machining operations and depict tool positions. 

« RESOURCES! 



L. PQSztal and Sava. Computer Numertoiil n^ntr^li 

Reston PubUfhing Company, Inc., Reston, VA. 1983. 

2. James Childs. Numerieal Control Part Programming^ 
Industrial Press Inc., New York, NY. 1973. 

3. William Luggen. Fundamentals of Nu merioal CAntrni. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. James Childs. Principles of Nui erlcal Cftntrft|. 

Third Edtttont industrial Press Inc., New York. 
1982. 

5. Manufacturer* s programming manual. 

6. Visual aid - Cutter path roadmap. 
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TEACHING ACTIVITIES: 



!• Present lecture on defining cutter path. 
(«lt2,3t4 & 5) 

2. Discuss and demonstrate program Initialize. 

3. Discuss and demonstrate part geometry definitions. 

4. Discuss and demonstrate tool change. 

5. Discuss and demonstrate tool motion. 

6. Discuss and demonstrate tool plotting. 

7. Discuss and demonstrate tool location file. 

8. Instruct student to define cutter path. 

CRITERION-REFERENCED MEASURE: 

Given a workplece print, the student will prepare a 
program, proces s , debug and depict the tool path. 

PERFORMANCE GUIDE: 

1. Review part print specifications. 

2. Determine tool position coordinates for machining 
proces s . 

3. Compute total tolerance for contour <|f contouring 
operat Ion). 

4. Enter geometry f . om tool position coordinated into 
computer (refer ;:o format Instructions in speoiflo 
computer programmer ' s manua 1 ) . 

5. Check for cutter path clearance: 

a. Check location of clamps and holders. 

b. Check for table and other obstructions. 

c. Check for tool interchanges or indexing turret, 

6. Document cutter path. 
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CUTTER PATH 




Cutter compensation Is particu- 
larly helpful for making adjuet- 
ments for closer accuracy and for 
compensating for cutter wear. 
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GUIDE SHEET 
DUTY: Programming and Planning 



ERIC 



PERFORMANCE OBJECTIVE #17 

TASK: Operate post processor. 

STANDARD OF PERFORMANCE OF TASK: 

Computer must convert geometry data to machine 
language to produce acceptable machine code. 
Prepared program code format must be acceptable 
for machine tool used. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Machining Series. 
1985 NC/CAM Guidebook 

CONDITIONS FOR PERFORMANCE OF TASK: 

Compu t e r 

Software system 

Part print specifications 

Manufacturer's programming manual 

ENABLING OBJECTIVE: 

1. Activate the post procfcssor. 

2. Operate N.C. computer system. 

"RESOURCES: 

1. Pusztai and Sava. Computer Numerleal Control. 
Reston Publishing Comp« ,y. Inc., Reston, VA. 1983. 

2. James Childs. Nuwrical Control Part ProgrA-mi n g, 
Industrial Press Inc., K , York, NY. 1973. 

3. Wi 1 1 iaa Luggen. Fundamentals of Numerleal Control. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. Janes Childs. Prlncipl^i of Nnn mrioal r:>%ntr«yi. 
Tht rd Ed I 'il^Ht industrial Press Inc., New York. 
NY, 1982. 

5- Compact II Series ProeramnUng Munual. Manufacturing 
Data System Inc., Ann Arbor, MI. 1983. 

6. Postprocessor documentation. 

7. Manufacturer's programming manual. 

TEACHING ACTIVITIES: 

1. Present lecture on postprocessors purpose and 
procedures. (•1,2,3,4,5,6 & 7) 

2. Discuss post processor functions and purposes. 
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TEACHING 



ACTIVITIES: (cont. ) 



3* Discuss available computer language. 

4. Demonstrate how to activate the post processor. 

5. Present lecture on primary function of a post 
processing. («1,2,3 & 4) 

6. Discuss centerline output, physical limits of the 
machine overshoot, reader limi tat ions, output 
preparatory and miscellaneous functions, cutter 
compensation Information, circular or parabolic 
points and error diagnostics. 

7. Instruct student to operate postprocessor. 

CRITERION-REFERENCED MEASURE: 

The student will post process an N.C. post program. 
PERFORMANCE GUIPEi 

1. Review prepared program format. 

2. Select post processor able to convert processor 
language to machine language. 

3. Enter data from processor to post processor (follow 
format In manufacturer's programming manual). 
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DUTY: 



GUIDE SHEET 
Programming and Planning 



PERFORMANCE OBJECTIVE »1Q 

TASK: Write post processor. 

STANDARD OF PERFORMANCE OF TASK: 

The p'st processor must produce a progrcs which 
meets program format requirements for CNC machine 
tool control unit. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

Processor language 

Program format requirements 

Post processor input requirements 

Computer or tape preparation system 

Computer instruction manual 

ENABLING OBJECTIVE: 

1. Knowledge of a post processor is. 

2. Knowledge of machine code. 

3. Determine post (G post) processor preparation. 
"RESOURCES: 

1. Pusztai and F%va. Computer Numerical Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. Jamas Childs. Numerical Control P^ rt Programgn ng. 
Industrial Press Inc., New York, NY. 1973. 

3. Ui 1 1 Ua Luggen. Fundamen tals of Numerieal control. 
Dela«r Publishers, Inc., Albany, NY. 1984. 

4. Jamtl Childs. Principles of Niimer ieal Control. Third 
Ed I tlOTlt Industr«%l Press Inc., New York, NY 1982. 

5. Industrial N.C. Computer Mechanical Drawing. McGraw 
Hill Book Company, New York, Systems documentation. 
Bridgeport, Numeridex, University comput i ng Company . 

6. Manufacturer's programming manual. 

TEACHING ACTIVITIES: 

1. Present lecture on writing postprocessor. (•1.2.3.4.5 
8. 6) 
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TEACHING 



ACTIVITIES: (cont. ) 



2* Discuss purpose of post processing. 

3. Discuss/demonstrate use of a general post (G post) 

processor preparation, 
4* Discuss definition statements. 
5. Discvss tool motion statements, 

6 Discuss specifications of conditions required at the 
mach I ne con t r o 1 • 

7. Demonstrate how to write a postprocessor program. 

8. Instruct student to write postprocessor program, 

CR I TtR I ON-REFERENCED MEASURE: 



The student will prepare a post processor for a 
specified machine tool. 



PERFORMANCE GUIDE: 



1. Determine program format requirements for each CNC 
machine program codes. 

2. Utilize processor language requirements for writing 
post processor commands • 

3. Build post processor by setting up formal 
requirements ^n system (see cocsputer system manual 
for Individualized post processors Instructions 
NOTE: Most post processors are provided by 
manufacturer of computer system. In some systems, 
alterations may be Instituted for specific machine 
tools. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #19 

TASK: Program tool change procedure. 

STANDARD OF PERFORMANCE OF TASK: 

Program must provide identification number to 
permit calling up tool from the storage matrix to 
assigned tool position to provide basis for 
repetitive tool selection. 



SOURCE OF StANDARD: 



Writing team of incumbent workers. 
Numerical Control Machining Series. 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Tool holders 

Cutting tools 

Tool position number 

Tool Identification number 

Manufacturer's programming manual 

Storage matrix capacity of machine tool 

ENABLING OBJECTIVE: 



1. Recommend tools for machining operations. 

2. Program tool change. 



"RESOURCES: 



1. Pusxtal and Sava. Computer Xumerieal Control. 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. JaaasChilds. Numerical Control Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

3. Wl 1 1 Ian Luggen. Fundamentals of Mn merleal r>^n^ro^■ 
Oelmar Publishers, Inc., Albany, NY. 1984. 

4. James Chi Ids. Principles of Num efieal Control. 
Tht rd Edt t ton. industrial Press Inc., New York, NY 
1982. 

5> Compact M Programming M>nii«l. Manuf acturing Data 
System Inc., Ann Arbor, MI. 1983. 

6. Manufacturing programming manual. 

7. Checklist - Prografflolng tool change. 
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TEACHING ACTIVITIES: 



1. Present lecture on programming tool changes, (»1,2,3. 
4,5 8c 6) * , , , 

2. Discuff tool/application select ion. 

3. Demons trate tool application selection. 
<. Discuss type of tool changers. 

5. Discuss tool identification and locatfon numbers. 

6. Discuss automatic tool changers (ATC) and their 
programroi ng. 

7. Discuss other events effected by a tool change. 

8. Demonstrate programming a tool change. 

9. Instruct student to program a tool change procedure. 

CRITERION-REFERENCED MEASURE: 

The student will program a tool change and tool 
offsets for a given CNC machine and tool operation. 

PERFORMANCE GUIDE: 

1. Identify tool number. 

2. Identify tool position nu^aber (when using automatic 
too 1 changer ) . 

3. Identify Information needed to set tool matrix 
(if machine tool does not provide automatic tool 
changer) . 

4. Determine sequence of operations to allow for minimum 
too 1 changes • 

5. Enter tooling In program in sequential order (common 
format is "T" format code for word address plus 
number value--see specific manufacture's programming 
manua 1 ) • 

6. Specify feedrate and spindle spe^d for each new tool. 

7. Establish tool offset value If needed. 
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CHECKLIST 



DUTY _Progrfimmlng anri planning. 



TASK Program tool change procedure. 



ENABLER Program tcof ^h^nff^ 



STUDENT'S NAME DATE 

EVALUATOR'S NAME ^ COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE E VALUATOR: 

Use the performance determinants checklist to evaluate 
programming tool change. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Determined tool identification number. 



- Determined tool pos i t i on/ I oca t i on 
number • 

- Identified events effected by tool 
change. 

- Identified tool matrix information. 

- Identified sequence of operations 
to allow minimum tool change. 

- Programmed tooling in sequential 
order* 

- Identified feedrate and spindle 
tfiseed for the new tool. 

- Determined tool offset value. 
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GUIDE SHEET 



DUTY: PrCj -immlng ind lanning 



PERFORMANCE OBJECTIVE #20 

TASK: Prepare operator instructions for piece part. 
STANDARD OF PERFORMANCE OF TASK: 

Prepared Instructions must provide information to 
implement programmed machine commands to complete 
all machining processes for piece part. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Compu cer 
Penc i 1 

Tooling sheet 
Set-up sheet 

Operator instruction sheet 
OBJECTIVE: 

Determining needed machine oodos ;2k» GOl, G90,G03) 
Calculate speeds, fesds, & RPK formulas. 
Develop clear & specific instructions to machine 
operator. 

Determine what type of tooling Is compatible with 
various machines. 
Determine machine limitation*: 

(a) horsepower 

(b) axis - travel limits 
(0) walght load capacity 

• RESOURCES t 

1. Pusztal and Sava. Computer Numertoal Control. 
Resfcon Publishing Company, Inc., Reston, VA. 1983. 

2. James Chllds. Nuaerlcal Control P art Proar^iH. i pg. 
Industrial Press Inc., New York, NY. 1973. 

3. WI 1 1 lam Luggen. Fundamentals of Mu aerloal Contf^l . 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. James Chllds. Principles of Mui Tteal Control. T|^| r^^ 
EdI t lOflt Industrial Press Inc., New York, NY 1982. 

I S. Manufacturer's operators manual. 
6. Manufacturer's programming manual. 
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ENABLING 

1. 
2. 
3. 

4. 

5. 



SO 



TEACH I KG ACTIVITIES: 



1. Present lecture on preparing operator instructions. 

2. Discuss formulas for spindle speed, feedrates and 
RPM. 

3. Require students to know formulas for spindle speed, 
feedrates and RPM. 

4. Demonstrate how to calculate spindle speed, feedrate, 
and RPM. 

5. Instruct student to practice calculating spindle 
speed, feedrate and RPM. 

6. Discuss preparing commen t Instruction for a 
particular eye 1 e. 

7. Instruct student to prepare comment instruction for a 
particular cycle to be performed, with other students 
having to give interpretation. 

8. Discuss building a working relationship between 
P rogramme r s and the ma chine operator. 

9. Acquira from manufacturers. Information that would be 
helpful to students. 

10. Demonstrate how to prepare operator Instructions. 

11. conduct a question and answer session on the purpose 
and importance of operator Instructions. 

12. Instruct student to prepare operator Instructions for 
a p lece par t . 

CRITERION-REFERENCED MEASURE: 

Student will identify progranoing codes, calculate 
spindle speed, feedrate and RPM and will provide 
clear and specific instructions to the machine 
operator for the development of a piece part. 

PERFORKAHCE GUIDE: 

1. Review machining sequence. 

2. Determine procedures which require operator 
assistance or intervention: 

a. Tool changes. 

b. Unusual positioning of work piece. 

3. Enter operator messages in computer: 

a. Enter ed I t mode. 

b. Hake additions In sequential blocks^ or: 

4. Hand-write operator messages on: 

a. Computer print-out. 

b. Set-up sheet. 
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GUIDE SHEET 



DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #21 

TASK: Calculate run time. 

STANDARD OF PERFORMANCE OF TASK: 

Time must be in accordance to feedrate of machine 
and type of material being machined. 

SOURCE OF STANDARD: 

Writing team of incumbent workeri. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 

Wor kp i ece 

Fixture 

Tool holders 

Stop watch 

Time standards 

Tooling sheet 

Print specifications 

Programmed piece part 

ENABLING OBJECTIVE: 

1. Identify and calculate necessary mathematics. 

^. Read time meter on machine control. 

3. Identify and use speeds & feeds formulas. 

4. Look In manufacturer's programming for cycle times. 

•RESOURCES} 

1. Pusztal and Sava. Computar Numerical Control, 
Raston Publishing Company, Inc., Reston, VA. 1983. 

2. Jamas Chllds. Numerical Control Part Progrmpin. t n g. 
Industrial Pross Inc., New York, NY. 1973. 

3. Ullliaa Luggan. Fundam«nt«ig of Nu mcrleal Cfln»rft |. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. James Chllds. Principles of NuBTleal Coti^ roi. Third 
Edl t Ion- Industrial Press Inc., New York, NY. 1982. 

5. Manufacturer's programming manual. 

6. Manf aoturer ' s operators manual. 

7* Machining Data Handbook Maoh I nab I 1 I ty Data Center, 
Metcut Research Associates, Inc., Cincinnati, OH. 
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TEACHING ACTIVITIES; 



1. Present lecture on procedure for calculating run 
time. (•1,2,3,4,5,6 & 7) 

2. Require student to know formulas for spindle spe(^ds, 
f^edrates, and revolution per minute. (»1,2,3 & 4) 

3. Discuss the most popular grades of steel & 

mach i nabi 1 i ty requirements involved when ca?culating 
run time. 

4. Discuss the location and use of the machine control 
t i me me t e r . 

5. Discuss obtaining cycle times from cianuf acturer s 
programming manual. 

6. Demonstrate how to determine and total cycle times. 

7. Instruct student to calculate run time. 

8. Conduct question and answer session on CNC tape 
coding and specifications. 

9. Instruct student to prepare sample tape, then run 
it through machine control tape reader for 

ver i f icat ion. 

CRITERION-REFERENCED MEASURE: 

Student wlU calculate run time in accordance with 
time used for machining a particular type of 
ma t e r i a i • 

PERFORMANCE GUIDE; 

Manual Iv: machining sequence. 

1. Enter program. 

2. Enter dry run cycle. 

3. Time procedure with timing watch. 

4. Stop running tine when machine has finished part. 
5* Record time foir* one piece part. 

Using the eomputers 

1. Load software program. 

2. Enter search mode for sequence search for final 
prepared program block. 

3. Activate post-processor. 

4. Enter time mode. 

5. Enter oycle data from tooling sheet. 

6. Prooesf data with computer. 

7. Write run time notation from computer on print-out. 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE #22 

TASK; Prepare tape. 

STANDARD OF PERFORMANCE OF TASK; 

Tape must feed through read head, rollers, or 
sprocket tooth feeder without tearing, kinking or 
binding and produce piece part to meet blu/^^prlnt 
range of plys or minus tolerances and dimensions. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers. 
Handbook of Standards. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Tape mach I ne 
Sof t wa ro 
Tape reader 
Par t program 
Computer 

Paper mylar tape 

Format classification sheet 

Bas I c progr&mmi ng s k M 1 s 

ENABLING OBJECTIVE: 

1. Use computers and pos t-pror ?8sors . 

2. Identify types of CNC tape 

3. Use paper tape punch. 

•RESOURCES: 

1. P^ijsxtai and Sava. Compute r Numertcai Conferol- 
Rest*:>n Publishing Company, Inc., Reston, VA. 1983. 

2. James Chllds. Niimeric^i Control Part Programming. 
industrial Press Inc., New York, NY. 1973. 

3. Ullllair Luggen. Fundamentaii of M nrnftrical Control 
Delmar Publishers, Inc., Albany, NY. 21984. 

4. James Chllds. Principles of Num erical Control. Thir^^ 
EdI t iont Industrial Press Inc., New York, NY. 1982. 

5. Manufacturer's operating manual. 

6. Manufacturer' s programming manual. 
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RESOURCES: (cont . ) 



7. Electronic Industries Association. Handbook 9^ 
Standards. Washington, D.C. 35. 

8. Worksheet - CNC tape codes S;..a specifications. 

9. /Isuak aid - CNC tape coHes and specifications. 

TEACHING ACTIVITIES: 

1. Present lecture on the procedure for prc^parlng a CNC 
tape. («1,2,3,4 & 5) 

2. Discuss the difference in iypes of paper tapes. 

3. Demonstrate the difference between mylar and paper 
tapes . 

4. Demonstrate sample tape with code holes punched in 
it. («8) 

5. Discuss what code holes do and how the machine 
control ler interprets them, 

6. Discuss tape leader at the beginning and ending of 
t ^pe. 

7. Discuss and demonstrate CNC tape puncher, 

8. Conduct question and answer session on CNC tape 
ending specifications. 

9. Instruct student to prepare sample tape, then run it 
through machine cont/ol tape reader for verification. 

CRITERION-REFERENCED MEASURE: 

Student will prepare actual program and tape for a 
particular J^b to be formed and have a successful 
completion of running in machine controller. 

PERFORMANCE GUIDE: 

1. Ob tain prepared part i^rogram manuscript, 

2. Provide fi r adequate leader at beginning and end of 
punched tape, 

3. Punch holes in paper or roy^ar tape to correspond to 
codes in prepared part program manuscript: 

a. Utilize binary coded decimal method of individual 
digit coding, 

b. Designate numerical quantity from 0-9 on one 
horizon^ftl level of tape usiag assigned values 
(0,i,2,4» and 8) to 5 of the 8 channels in a 

• tfxniJsrd eight-channel tape, 
o. Piece saulti-digit quantities (example, X-axis 

position) in consecutive horizontal rows induced 

by the binary codd for the symbol X. 
d. Express each numerical digit, letter or symbol 

code with its own combination of holes in a 

single row on the tape. 

Meet either Electronic Industries Association 
RS-244 (tab sequent ial block) or ASC I I RS-385 
American National Standard Institute standards. 
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PERFORMANCE GUIDE: (cont.) 



Proofread or verify tape (for programming and 

keypunch errors by running program line by line on 

CRT screen or on printed manuscript). 

Dry run tape to test actual operation with machine 

tool. 

Edit and revise tape as needed. 
NOTE: Place prepared tape in appropriate safe 
storage system. 
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CNC TAPE FORMA- 



0.392 t^m 
to feed hole 



1000 i0J03 
Tape width 



Hole number ing 

/ 



When tape is 
u8* th's ' dg« 



L/ i rftct i on 
of travel 




0.100 ttm 

spacing of 
hoN cinter 



Cufinmu lat i vfl error 
up :o 10. '^l In 1" 
to .t«J£5 in 5'" 



Round codi holts 0.07a +0.002 dlam 
Feed hole 0.046 f0 

Thickness <i,H^ +|}. 



0 0 d' -Vn" 0 6 
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Row of Sprocket holes 
uti I ized when punching 
the tapo. ''hese holes 
do not af lecc coding 



0.1 !0J03 
SDacino of hole center 1 1 ne 
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TAPE FORMAT WORKSHEET 



2.. 




WORKSHEET ANSWERS 



1. Tape width 

2. Distance from guide edge to feed hole 
3« Guide edge 

4, Direction of travel 

5 . Cumulative error 

6« Spacing of hole centerlines 

7. Round code hole diameter 

8. Feed hole diameter (sprocket hole) 

9. Sprocket holes 

10. Thickness 

11. Spacing of hole centerlines 
1 2 • Hole numbering sequence 
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DUTY: 



GUIDE SHEET 
Programming and Planning 



PERFORMANCE OBJECTIVE #23 

TASK: Select canned cycles. 

STANDARD OF PERFORMANCE OF TASK: 

Machine tool must perform canned cycle function 
initiated by the CNC progr«m. 

SOURCE OF STANDARD: 

Writing team of incumbent worlters. 
CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine with canned cycles 

Specific machine tool manufacturer's programming 
manua 1 

ENABLING OBJE'",TIVE: 

1. Understand canned cycle codes & their meanings. 

2. Determine what canned cycles are available for that 
'jA'tclfled machine tool. 

3. Identify programming language for various machine 

. .'M r . 

"RESOURCES: 

1. Pusztal and Sava. Computer Num»rlfs«l Control. 
Reston Publishing Company, Inc., Reston, VA. 1S83. 

2. James ChUds. Prinolples of Numa rleal Cotitr«^ |, 

thirdt Edition! industrial Press inc.. New York. 
NY. 1882. 

3. Wiillsm Luggen. Fundamentals of Nume rical r^nfr»i, 
Delaar publishers. Inc., Albany, NY. 1984. 

4. Manufacturer's programming Manual. 

I'EACHING ACTIVITIES: 

1. Present lecture on the definition of c»'>ne«2 cycle 
codes. ("1,2, it 3) 

2. Discuss the advantages and disadvantages of canned 
cycles 

3. Present lecture on different types of cannti cycle 
programming. (•1,2,3 & 4) 

4. Discuss fixed canned cycle programming. 
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TEACHING ACTIVITIES: (cont.) 



5. Discuss variable canned cycle programming. 

6. Present lecture on canned cycle codes and their 
function. 

7. Discuss drilling, tapping, boring, turning, facing 
and cancellation canned cycle codes. 

8. Demons trate a canned cycle. 

9. Instruct student to select needed canned cycles to 
completeaworkplece. ^ 

CRITERION-REFERENCED MEASURE: 

The student will select various canned cycles needed 
to complete a workpiece and explain the function of 
each canned cycle. 

PERFORMANCE GUIDE: 

1. Identify canned cycles for specific CNC control. 

2. Select canned cycle for combination of machine 
moves . 

3. Choose area of program where canned cycle can be 
used. 

4. Insert code to Indicate canned cycle to be executed 
(see specific manufacturer's programming manual for 
command codes). 
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GUIDE SHEET 
DUTY: Programming and Planning 



PERFORMANCE OBJECTIVE 

TASK: Program restart points. 

STANDARD OF PERFORMANCE OF TASK: 

Program cugt contain restart points which are 
used when program is interrupted by tool 
breakage, machine tool failure, operator error, 
or emergency conditions. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Computer and soft ware 
Piece part specifications 
Verified cutter path 

Manufacturer's ope ra 1 1 ng/p r ogr ©mm 1 ng manu^^l 
ENABLING OBJECTIVE: 

1. Ids^n*^ progr4. ir i ng procedures. 

2. Cal^t; at^ mathematics. 

3. Deteri<.ln^ where restart points need to be placed. 
"RESOURCES: 

1. Manufacturer's programming manual. 

2. Nanuf ajoturer ' s operating manual. 

TEACHING ACTIVITIES: 

1. Present lecturcj on prij^::odures for prograoming 
restart points. («l & 2) 

2. Conduct a class discussion on what types of 
situations would require restart points. 

3. Discuss safe restart points. 

4. Demonstrate a safe vs. unsafe restrrt point. 

5. Instruct student to Identify safe restart point In 
a CNC program. 
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CRITERION-REFERENCED MEASURE: 



Student will write a program containfng safe restart 
points to be used when program is interupted. 

PERFORMANCE GUIDE: 

1. Activate automatic restart or safe-start option on 
machine control* 

NOTE: Machine tool or program may be equipped with 
automatic restart feature to provide 
continuous execution of program without 
operator intervention. 

2. Determine possible restart points or safe-start 
location along cutter path for movement of the 
cutting tool to desired safe-start point. 

3. Enter restart or safe-start points and program 
information necessary to start machining process 
safely. (Entry of restart or safe-start command 
must follow procedures outlined by programmer's 
manual for type of compu te r /sof twa re system used.) 
NOTE: Programmer may provide block <«elete commands 

to allow operator to utilize additional 
checks for machine operations (if needed). 



EKLC 



83 

94 



GUIDE 



DUTY: Programming and Planning 

PERFORMANCE OBJECTIVE #25 

TASK: Write manual program. 
STANDARD OF PERFORMANCE OF TASK: 



Specified workpiece must be completed 
to tolerances on blueprint dimensilons 



accord i ng 
and range 

oi plus or minus tolerance standards. 



SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Part print 

Ca 1 cu 1 at or 

Tr i gonome t ry 

Analytic Geometry 

Basic m^ chining practices 

Basic NC programming 

Manual data input capacity on machine tool 
ENABLING OBJECTIVE: 

1. How to read blu9print or sketch. 

2. How to write manual program. 

3. How to use mathematics. 

"RESOURCES: 

1. Pusztal and Save. Computer Numerical (;^ntr?li 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. James Chlldl. Numerical Control Part P rf.graam I ng, 
Industrial Press Inc., New York, NY. 1973. 

3. Brown W.C., Blueprin t Reading for Intjuntry ^ 
Goo«ihear t-Wi iQox, South Ho 1 1 and, IL. 1963. 

4. UilUam Luggen. Fundam in ta 1 s of N»mar^p^| Sr^: tUlU. 
Del mar Publ i shers. Inc. , Albany, NY. 1984. 

5. James Childs. Prineipl^t of Miim ^rical Contrr^l, 
tnl rd Edt t IgPv industrial press Inc., New York. 
NY. 1982. 

6. Manufacturer's programming manual. 

7. Manufacturer's operating manual. 

8. Visual aid - Manual programming manuscript. 
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TEACHING ACTIVITIES: 



1* Present lecture on reading and interpreting 
blueprints. («5) 

2. Instruct student to read and interpret blueprints. 

3. Present lecture on the pro's and con's of manual 
programini ng vs • computer a ided programmi ng. 
(»1,2>3 & 4) 

4. Present lecture on developing a program manuscript. 
(»1,2,3 8c 4) 

5. Dlffc^uss different machine languages. 

6. Discuss absolute and i ncremental modes. 

7. Demons i ra te how to write a manual program. 

8. Assign home projects that require manual programming 
using various canned cycles & tool changes. 

9. Instruct students to review sample programs manually 
written in absolute and incremental. 

10. Revfew each of the sample programs in class, step by 
step, so student can visually see the difference. 

11. Instruct student to write a, manual program 

CRITERION-REPr^.ENCED MEASURE: 

Student will successfully write a manual program 
usin various canned cycles in the absolute mode, 
then convert the s^me program to incremental mode. 
Both programs must perform the same when run on a 
CNC marline. 

PERFORMANCE GUIDE: s 

1. Read part print visual machining ^leqnence. 

2. Draw sketch of desired workpiece. 

3. Dimens i on sketch. 

4. Identify program by means specified by employer (may 
be by part name, part number, tape number, or 
operat I on number ) . 

5. Select machine tool and cutting tool for part. 

6. Determine location of clamps and holders. 

7. Determine zero location. 

8. Determine datum point for starting workpiece. 

9. Determine workpiece location in relation to machine 
axi s. 

10. Title part of program using blueprint name and 

dete i 1 number . 
11« SelirOt for each operation: Preparatory and 

Mf.scellaneous codes, offset register codes, axis 

coordinates, other specific machine codes, and 

specify sequence for each line number. 

12. Write machine operator instructions and tool 
selection for each machining operation. 

13. Continue process for each written line of program. 
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MANUAL PROGRAMMING MANUSCRIPT 



MANUSCRIPT 

pyp Date: 

Part No. Prepared By*. 

Part Name: ^^^^ MACHINE checked By: 


Sequence 
No. 


X 


Y 


Spindle 
Speed 

( S ) 


Aux 
Code 
< M ) 


* 

Commenttt 
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GUIDE SHEET 
DUTY: Programning and Planning 



PERFORMANCE OBJECTIVE #26 



TASK: Program with purchased software. 
STANDARD OF PERFORMANCE OF TASK: 



Purchased software will create precise, clear 
part program to produce piece part (which meets 
blueprint dimensions and range of plus or minus 
tolerances) . 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



Compatible computer system 
Processor language 
Purchased soft ware 
Part print 

Manufacturer* s prog ramming/ ope rat i ng manual 



ENABLING OBJECT I VEi 



1. Understand how to program. 

2. Determine how to operate computers. 

3. Determine how to operate post-processor. 

4. Identify how to get punched tape & paper printout. 

5. Determine software functions. 



« RESOURCES s 



1. Sof twa^re dooumentat I on. 

2. Ha^pf aoturer ' s operating manual . 

3. Haiilif aoturer ' s programming manual 

TEACHING ACTlVITIESt 



1. Present lecture on program codes & their meaning. 

2. Instruct students time to become familiar with the 
basic steps used by the purchased software. 

3. Instruct student to choose a specific cycle tk have 
them prepare a tape & printout by using the computer 
tc postprocessor. 

4. Discuss different software functions. 

5. Demonstrate programming with software. 
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TEACHING ACTIVITIES: (cont,) 



6. Affign student a project involving programming with 
so f tware. 

7. Instruct student to program a part program using 
purchased soft ware. 

CRITERION-REFERENCED MEASURE: 

Student will produce tape & printout of a part 
program using software. The program will be error 
free & meet all requirements necessary to produce 
a good part. 

PERFORMANCE GUIDE: 

1. Visualize necessary machining sequences. 

2. Determine degree of complexity of shape to be 
mach i ned. 

3. Select software options to allow maximum use of 
computer functions available. 

4. Establish reference point to permit alignment of 
workpiece and the machine tool. 

5. Specify cutting tools and setting of feeds and 
speeds . 

6. Program tool changes and tool offsets (where 
needed ) . 

7. Specify holding devices and where they are located. 

8. Determine starting operation. 

9. Document sequence of operations on manuscript. 

10. Define cutter path. 

11. Verify cutter tool path. 

12. Prepare machine operator instructions. 

13. Activate post processor. 

14. Give part a name or detail number. 

15. Prepare machine tape, disc, or download program 
(DNC). 
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DUTY: 



GUIDE SHEET 
Programmi ng and Planning 



PERFORMANCE OBJECTIVE «27 

TASK: Design special fixtures for custom job. 

STANDARD OF PERFORMANCE OF TASK: 

Fixture must operate under excessive force 
conditions, hold workplece securely during 
machining process, must and range of plus or 
minus tolerances). 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Advanced Machine Technology. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Blueprint 
Erasers 
Sketch pad 
Scales 
Penc 1 1 s 

Basic machining skills 
ENABLING OBJECTIVE: 

1. Design fundamental. 

2. Various types of machines. 

3. Mathematics. 

4. Various types of machines. 

5. Time value. 

•RESOURCES: 

1. U. C. Brown. Blueprint Reading For Industry. 
GoodKear t-Wl loox, South Holland, IL. 1983. 

2. E. G. Hoffman. Jig and F ixture Design. Delmar 
Publ 1 shers , Ch loago, IL. 1985. 

3. William Luggen. Fundament^l« of Numerlflal Control 
Delmar Publishers, Inc., Albany, NY. 1884. 

4. Ollvo, C. Thomas. Advanoed Maohine Teohnoiogv. 
Belmont, OA: Brenton Publishers. 1882. 

5. Manufacturer's operating manual. 
8. Manufacturer's programming manual. 
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TEACHING ACTIVITIES: 



1. Present lecture on the importance of proper 
fixturing. («1,3 & 4) 

2. Discuss the economic values involved in special 
f i xt u res • 

3. Discuss why special fixtures for custom Jobs are 
needed & where they are used. 

4. Present lecture on major considerations for fixture 
design. («1,2,3,4,5 & 6) 

5. Discuss workpiece size and clamping. 

6. Discuss part orientation and machining efficiency. 

7. Discuss safety conside rations. 

8. Stress to students the need to design safety around 
each f ixture. 

9. Demonstrate how to design a workpiece fixture. 

10. Instruct student to design a special fixture to meet 
provided specifications. 



CRITERION-REFERENCED MEASURE: 

Student will design a special fixture that meets all 
the safety and accuracy requirements for locating 
and securing a given workpiece. 



PERFORMANCE GUIDE: 



1. Examine blueprint. 

2. Determine needed fixtures by: 

a. Size of workpiece. 

b. Number of parts on fixture^ 

c. Accuracy required in production of piece part. 

d. Type of material needed to build. 

e. Location and position of clamps on worlkPiece. 

f. Position of locating pins in relation to 
workp iece. 

3. Establish fixture number and stamp into fixture. 

4. Specify operator instructions for locating and 
mounting fixture (using set-up sheet or on piece 
print). 

5. Provide sketch of part being held by fixture. 
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GUIDE SHEET 



DUTY: Programming and planning 



PERFORMANCE OBJECTIVE »28 

TASK: Design clamps and holders for custom Job* 

STANDARD OF PERFORMANCE OF TASK: 

Clamps and holders must hold part while machining 
without allowing any movement of workplece, 
provide a qu lck*-act Ing device for efficient 
loading and unloading, must not damage nor 
distort workplece, and must resist vibrations 
and chat te r • 



SOURCE OF STANDARD: 

Writing team of Incumbent workers. 
Advanced Machine techno logy. 

CONDITIONS FOR PERFORMANCE OF TASK: 



Piece part 
Erasers 
Sketch pad 
Sea 1 es 
Penc 1 1 s 

Basic machining skills 

Catalog of standard design component s • 



ENABLING OBJECTIVE: 

1. Understand design fundamentals. 

2. Identify various types of machines. 

3. Ca 1 cu late mathenat ics . 

4. Determine various types of steel. 

5. Understand the value of time. 



•RESOURCES: 



X. W. C. Brown. Blueprint Reading For Industry. 
Goodheart-Wi Iccx, South Hoi land, IL. 1983. 

2. E. G. Hoffman. Jitf and Fixture Deslgfn. Delmar 
Publ 1 shers, Chicago, IL. 1985. 

3. Uilliam Luggens. Fundamen tals of Nuaerloal Control. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. Thomas Olivo. Advanced Machin e Technology. Brenton 
Publishers, Belmont, CA ,1982. 
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•RESOURCES: (cont • ) 



5. Manufacturer's operating manual. 
6* Manufacturer's programming manual* 

TEACHING ACTIVITIES: 

1* Present lecture on considerations affecting clamp 
and holder design. (»2,3t4t5 & 6) 

2. Discuss the size of workpiece. 

3. Discuss types of materials to be held. 

4. Discuss machining processes to be done to 
workp iece. 

5. Discuss operator safety. 

6. Present lecture on sketching workpiece and fixtures. 
8 how i ng c 1 amps and holders in position. (»1 & 4> 

7. Demonstrate to student how to design clamps and 
holders. 

8. Assign project of designing fixture clamps and 
holders. 

CRITERION-REFERENCED MEASURE: 

The student will design clamps & holders that meets 
all the safety requirements while providing quick 
loading and unloading and inhibiting any movement 
damage or distortion of the workpiece. 

PERFORMANCE GUIDE: 

1. Examine blueprint. 

2. Detarmine needed clamps and holders by: 

a . Size of c 1 amp« and holders needed. 

b. Clamping surface required for holding part. 

c. Material requirement for clamps and holders. 

d. Numbe r of parts on fixture to determine: 

1 . Number of c 1 amps requ i red. 

2. Position of c lamps on workpiece. 

3. Establish clamp and holder number and stamp into 
c 1 amp and holder. 

4. Specify operator instructions for locating and 
mounting clamp and holder (using set-up sheet or 
piece print). 

5. Draw sketch of piece part being held by fixture with 
o 1 amps and holders in place. 
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GUIDE SHEET 
DUTY; Programmi ng and planning 



PERFORMANCE OBJECTIVE «29 

TASK: Write manual complex contouring program. 

STANDARD OF PERFORMANCE OF TASK: 

The cutting tool must be shifted at all times on 
a plane of points directly perpendicular or 
normal to the part outline. The cutting tool 
mus t r ema in in constant contact with the 
workpiece as coordinate movements take place. 
Cutter pp.th will not deviate from desired path 
more than the part tolerance on blueprint. 

SOURCE OF STANDARD: 

Writing ti^am of incumbent workers. 
1965 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Ca 1 cu 1 a t or 

CNC machines available 
Tape preparation function 
Interpolator function within MCU 

ENABLING OBJECTIVE: 

1. Use a calculatcr. 

2. Calculate mathemat ics. 

3. Know how CNC machinery works. 

4. Determine interpolation method needed. 



"RESOURCES! 



1. Pusztal and Sava. Computer Numerical Control. 
Reston Publishing Company, Ino.» Reston, VA. 1983, 

2. James Chi Ids. Numerloai Control Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

3. William Luggen. Fundamentals of Numerical Control, 
Del mar Publishers, Inc., Albany, NY. 1984. 

4. James Childv. Principles of Numerioal Control. 
Third Edition. Industrial Press Inc., New York, 
NY. 1982. 

5. Manufacturer ' s* programming manual. 

6. Manufacturer's operating manual. 
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•RESOURCES: (cont . ) 



7. Modern Machine Shop. 1985 NC/CAM Guidebook. 
Gardner Publications, Cincinnati, OH ,1985. 

8. Visual aid - Point to point vs . contour i ng. 

9. Checklist - Write manual complex contouring 
program. 

TEACHING ACTIVITIES: 

1. Present lecture on the purpose of contouring 
sys terns . ( « 1 , 2, 3 & 4 ) 

2. Discuss contour programming vs. point to point 
programmi ng. 

3. Instruct student to learn the preparatory codes for 
a designed CNC machine. 

4. Present lecture on interpolation methods. 
(«l,2,3t4,5,68c7) 

5. Discuss linear, circular, helical, parabolic and 
cubic interpolation. 

6. Discuss and demonstrate programming a square with a 
radius, circle with a tangent line, a triangle and 
the letter S with top and bottom tangent lines. 

7. Assign student project' involving the programming of 
a square, circle, triangle and letter S with tangent 
1 i nes . 

8. Discuss advantages and disadvantages of constant 
tool workpiece contact. 

9. Instruct student to write a manual Contouring 
program. 

CRITERION-REFERENCED MEASURE: 

The student will know all the codes associated with a 
particular CNC machine and will write manual complex 
contours, such as the letter **s** or the number "8** 
with a minimum amount of errors. 

PERFORMANCE GUIDE: 

1. Visualize machining sequence. 

2. Establish reference point to align workpiece and 
maoh i ne tool. 

3. Select cutting tool(s). 

4. Calculate cutter centerline path jsing diameter of 
cutting tool. 

5. Determine tool feedrate at all times by: 

a. Type of too 1 . 

b. Type and hardness of materials being cut. 

c. Mechanical dynamics of machine tool. 

6. Determine distance cutting tool extends beyond 
reference points for machine tool to be used in 
orde to program using offset equivalents when: 
a. Using carbide inserts. 



PERFORMANCE GUIDE: (cont«> 



b. Using milling cutter for sculpturing or 
contour i ng« 

c. Using special cutting tools« 

7« Ascertain interpolation method to be used for 

connecting defined coordinate points to generate 
curved shapes : 

a. Linear * straight lines« 

b. Circular - partial or complete circles* 

c. Helical * helical spiral cutter peth« 

d. Parabolic - free form designs. 

e. Cubic " cutter paths to machine sheet metal 
forming dies. 

8« Specify location of holding devices. 

9. Prepare list of each machining operation in format 

to be used by particular control unit/machine tool 

to be used. 

10. Determine starting operation. 

11. Determine remaining sequence of machine operations. 
12« Develop manuscript to document sequence of 

operat ions. 

13« Prepare operator instructions u ing one of the 
f o 1 1 ow i ng : 

a. Write on set-up sheet. 

b. Insert in program. 

c. Print on print-out. 
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PART PROGRAMMING - POINT TO POINT VS. CONTOURING 




Po i nt to Po i nt Contour i ng 
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CHECKLIST 

DUTY Progfft&imlng and planning, 

TASK Writfe manual complex contouring program, 

ENABLER Select absolute or incremental mode. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate writing manual 
complex contouring program. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Established reference point. 

- Selected cutting toolCs). 

- Calculated cutter centerline. 

- Determined tool feed rate. 

- Determined tool overshoot. 

- Identifed interpolation method. 

- Specified loc^t^on of holding devices. 

" Deterninfid list of machining 

ope rations. 

- Determined starting operation. 

Determined sequence of ma chining 

operations. 

- Deve 1 oped cocumen t manuscript. 

- Prepared operator instructions. 
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GUIDE SHEET 
DUTY: Programming and planning 



PERFORMANCE OBJECTIVE #30 

TASK: Enter tool offset. 

STANDARD OF PERFORMANCE OF TASK: 

Tool offset value corresponding to tool offset 
number must be added to the commanded va I ue in 
the program and the tool must be moved to the 
offset position. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Bas ic programmi ng knowledge 

Basic machining skills 

For ma t classification sheet 

Programming system with cutter compensation 
system 

ENABLING OBJECTIVE: 

1. Operate a CNC Controller. 

2. Us(S» set-up sheet. 

3. Read paper print out. 

•RESOURCES: 

1. Pusztai and Sava. Computer Numar teal Controls 
Reston Publishing Company, Inc., Reston, VA. 
1983. 

2. James Childs. Numerical Control Part Programming. 
Industrial Press Inc., New York» NY. 1973. 

3. William Luggen. Fundamentals of Numerical Control. 
Da 1 mar Publishers, Inc., Albany, NY. 1984. 

4. James Childs. Principles of Numerical Control . 
Th 1 rd Ed 1 1 1 on. Industrial Press Inc., New York, 
NY. 1982. 

5. Manufacturer's programming manual. 

6. Manufacturer's operating manual. 

TEACHING ACTIVITIES: 

1. Present lecture on what tool offset means. 
(«1,2,3 Sc 4) 
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TEACHING ACTIVITIES: (cont.) 



2. Discuss tool diameter compensation. 

3. Discuss tool length compensation. 

4. Discuss multiple part machining. 

5. Disct^ss tool offsets for positioning of fixture or 
par t • 

6. Present lecture on tool offset codes. 
(»1,2,3,4»5 & 6) 

7. Discuss XfYf & z motions. 

8. Demonstrate how to determine and enter tool offset 
codes . 

9. Instruct students to enter tool offset codes. 

CRITERION-REFERENCED MEASURE: 

The student will run s am pie programs on CNC mach i nes 
that require multiple passes with a change in tool 
offset value for each pass. With each pass around 
and a different tool offset value^the student will 
measure a difference in the part equal to the amount 
part equal to the amount of offset change between 
passes . 

PERFORMANCE GUIDE: 

1. Specify tool selection position. 

2« Specify tool offset number for offset value. 

3. Enter tool position by using command codes specified 
by software format classification sheet. 

4. Enter tool offset value (may also be done at machine 
with offset input dial and offset load button) 
using specific command codes specified by soft wa re 
format classification sheet. 
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DUTY: 



GUIDE SHEET 
PrograroiD ing and planning 



PERFORMANCE OBJECTIVE #31 

TASK: Enter tool length compensation. 

STANDARD OF PERFORMANCE OF TASK: 

Operator roust set up tooling to specified tooling 
compensation lengths to enable program to run 
without further tooling* 

SOURCE OF STANDARD: 

Machinery Handbook. 

1965 NC/CAM Guidebook. 

Writing team of i ncuroben t workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Cutting tools available 
Piece part specifications 
Tooling set-up sheet 

Manufacturer' s pr ogr amro ing/operating roanual 
ENABLING OBJECTIVE: 

1. Operate CNC control ler. 

2. Use set-up sheet. 

3. Read paper printout. 

•RESOURCES: 

1. Pusztai and Sava. Computer Numer 1 ca 1 Con t ro 1 . 
Reston Publishing Coropany, Inc., Reston, VA. 
1983. 

2. James Ch i Ids . Numer leal Control Part Progfai ng. 
Industrial Press Inc., New York, NY. 1973. 

3. UilliamLuggen. Fundaroen feals of Numerical Control. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. James Childs. Principles of Numer i oa 1 Cont ro 1 . 
Third Ed i t ;on. Industrial Press Inc., New York, 
NY. 1932. 

5. Manufacturer's programming manual. 
S. Manufacturer's operating manual. 

7. Machinery Handbook. Mach i nab i 1 i ty Data Center. 
Metcut Re search Associates. 1982. 

8. Modern Machine Shop. 1985 NC/CAM Guidebook. 
Cincinnati, OH: Gardner. 1985. 
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TEACHING ACTIVITIES: 



1. Present lecture on the purpose and procedures for 
tool length compensation. 

2. Discuss z-axis motion of a CNC machining center. 

3. Present lecture on interpreting the tape block 
involved with tool length compensation. 

4. Discuss sequence number, rapid motion, addition 
(tool offset), programmed length of tool motion and 
assigned tool register. 

5. Discuss codes used in programming tool length 
compensat ion. 

6. Demonstrate how to calculate and program tool 
length compensat ion. 

7. Assign s*:udent projects involving the calculation 
and programming of different tool length 
compensat ions . 

8. Instruct student to calculate and program tool 
length compensat ion. 



CRITERION-REFERENCED MEASURE: 



The student will run sample programs on CNC machines 
that require multiple tool change s with different 
tools that require different settings of tool length 
compen s ation. With each change of ^ool & length 
compensation value, th^ student wi 1 see a difference 
in distance that each tool will move to reach the 
workp i ece . 



PERFORMANCE GUIDE: 



1. Provide for operator instructions on tooling set-up 
sheet. 

2« Select tooling form available cutters. 

3. Mount tool in spindle or turret station. 

4. Align tool to machining position. 

5. Jog tool against reference stop (computer records 
tool position). 

6. Observe control display to verify computer 
computation of tool length compensat ion. 

7. Enter tool Identification numbers. 

8. Select compensation value for each active tool 
identification number used. 

9. Push enter key to store tool compensation data. 
(Follow manufacturer's programming manual for 
specific machine tool.) 
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GUIDE SHEET 
DUTY: Programming and planning 

PERFORMANCE OBJECTIVE #32 

TASK: Repair broken t?pe. 

STANDARD OF PERFORMANCE OF TASK: 

Tape must run through reader without loss of 
program codes due to repair. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Tape ep 1 i cer 
Broken tape 

Adhesive tape splicer patches 



ENABLING OBJECTIVE: 



1« Operala a tape splicer. 
2. Determine type of tape. 



mRESOURCES: 



1. Pusztai and Sava. Computer Numerical Control. 
Reston Publishing Company, Inc. t Res ton, VA. 
1983. 

2. William Luggen. Fundamental of Numeric al Control, 
Delmar Publisher Inc., Albany, New York 1984. 

3. James Childs. Numerical Control Part Programming . 
Industrial Press Inc., New York, NY, 1973. 

4. James Childs. Principles of Numer leal Con t ro 1 . 
Third Edition. Industrial Press Inc., New York, NY, 
1982. 

5* Manufacturer* 8 opera ting manual. 
8. Checklist * Repairing CNC tape. 
7. Visual aid - CNC tape format. 



TEACHING ACTIVITIES: 



1. Present lecture on types of tapes. (»1,2,3,4) 

2. Discuss paper, roylfcr, aluminum and plastic tapes CNC 
punch tapes . 

3. Discuss CNC magnetic tapes. 

4. Present lecture on operating tape splicer. 
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TEACHING ACTIVITIES: 



( con t . ) 



5. Discuss acceptable splicing mediums. 

6. Discuss splicing procedures. 

7. Discuss replacement of damaged tape. 

8. Demonstrate how to repair broken CNC tape^ 

9. Instruct student to repair a broken CNC tape (»6). 

CRITERION-REFERENCED MEASURE: 

The student will identify the type of tape to be 
repaired, the proper type of repai/ medium, identify 
and replace any damaged tape and repair (splice) the 
broken CNC tape. The repaired tape will run through 
a tape reader without getting a parity error on CNC 
read out display. 

PERFORMANCE GUIDE: 

1. Place each end of broken tape over pins of tape 

splicer so that torn edges of tape meet and punched 
holes are al i gned, 

2« Place tape patch over torn edges. 

3, Peel off backing from patch, exposing adhesive, 

4, Press patch into placo. 

5, Turn tape over and repeat steps one through four. 
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;nc tape format 



0.392 i^m 
to feed ho>e 



1000 t0.003 
Tape width 



Direct ion 
of travel 



16 




Round cod» holis 15.072 +3.002 dian 
Feed hole 0.046 tOJOS 



Thickness 0.004 +0.0003 
-6. 



Row of sprocicet noleS 
ut i I ized when pjnchirg 
the tape. These holes 
do not affect coding 



0.1 i0.003 
Soacino of hole center I ine 
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CHECKLIST 



DUTY Programming and planning^ [ 

TASK Repair broken tape. 

ENABLER Repair broken tape on tape splicer. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate repairing a broken 
tape using a tape splicer. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Obtained sections of broken tape. • 

- Placed broken tape ends over pins of 

tape splicer. 

- Adjusted tape so that the broken ends 

meet and punched holes align. 

- Placed tape patch over torn edges. 

" Peeled backing off patch exposing 

adhesive. 

- Pressed patch into place. 

- Turned tape over and repeated the 

procedure. 
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GUIDE SHEET 
DUTY: Pi ogramm ing and planning 

PERFORMANCE OBJECTIVE #33 

TASK: Update programs from engineering changes. 

STANDARD OF PERFORMANCE OF TASK: 

Original program must contain revision as 
specified by engineer. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers* 
198J NC/CAM G^uJ_d^lii3i?k 

CONDITIONS FOR PERFORMANCE OF TASK: 

Sof twa re 

Original program 

Compu t er and/or calculator 

Manufacturer's programming manual 



ENABLING OBJECTIVE: 



1. Read part prints and blueprints. 

2. Use computer and soft wa re and to incorporate 
engineering changes. 

3. Revise part program. 



•RESOURCES: 



1. Pusztai and Sava. Compute r Nqmer i oa 1 Cont ro 1 . 
Reston Publishing Company, Inc., Reston, VA. 1983. 

2. Uilliaffl Luggen. Fundamentals of Numerical Control. 
Delmar Publishers, Inc., Albany, New York, NY, 1973. 

3. James Childs. Numer ical Control Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

4. Janes Childs. Principles of Numerical Control. 
Thl rd Edl t ion . Industrial Press Inc., New York, 

NY, 1982. 

5. Modern Machine Shop. 1985 NC/CAM Guidebook . 
Gardner Publications, Cincinnati, OH , 1985. 

6. Manufacturers pr ograitm ng manual. 

7. Manufacturers operator manual. 



TEACHING ACTIVITIES: 



1. Present lecture on part programming. («1,2,3,4, 
5,8,7) 
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TEACHING ACTIVITIES! (cont.) 



2. Discuss reviewing original program and identifying 
needed revisions. 

3. Demonstrate procedure for revising an original 
program. 

4. Assign student an original program and revision 
documen ta t ion and instruct student to revise the 
program. 

5. Demonstrate how to update program file. 

6. Instruct student to update program file with revised 
program. 

Note: Emphasize to students that any engineering 

changes to a part print must be accompanied by 
a revision number and date, written in the 
revision area of the part print. Student should 
compare updated programs from originals to be 
sure all changes were made. 



CRITERION-REFERENCED MEASURE: 



The student will review the original program and the 
revision documentation, revise the program, verify 
that its runs without error and safe update program. 



PERFORMANCE GUIDE: 



1. Review documented revision: 

a. Check for authorization. 

b. Maintain paper file copy or save revision in 
computer memory. 

2. Determine program changes necessary to revise 
original program. 

3. Load previous program in computer. 

4. Mark tape or program in computer. 

5. Revise program as needed (refer to specific computer 
sy s t em p r ogr amme r*s manual for format to edit 
program) . 

6. Provide notification of change to all departments or 
personnel affected by change. 
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GUIDE SHEET 
DUTY: Programming and planning 



ERIC 



PERFORMANCE OBJECTIVE #34 

TASK: Determine job priorities. 

STANDARD OF PERFORMANCE OF TASK: 

There roust be uninterrupted flow of work which 
results in completion of jobs within specified 
due dates. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Tool list 
Rout i ng sheet 

Job priority list from managemen t 
Machine tool selection 
Manufacturing work order 

ENABLING OBJECTIVE: 

1. Determine when the delivery dates occur for each 
job. 

2. Identify which job require special attention^ that 
must be done on the outside. 

"RESOURCES: 

!• Modern Machine Shop. 1985 NC/CAM Guidebook. 
Gardner Pub 1 i ca t i on s » Cincinnati, OH , 1985 

2. Sample priority list. 

3. Sample manufacturing list. 

4. Sample management priority list. 

TEACHING ACTIVITIES: 

1* Present lecture on determining job priorities. 

("1»2,3,4) 
2* Discuss "RUSH" orders. 

3. Discuss special treatment orders. 

4. Discuss heat treatment; plotting and jig grinding. 
5* Discuss management Job priorities. 

6. Discuss Job efficiency versus cost efficiency as 
affected by priorities. 

7. Demonstrate how to rank job priorities. 
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TEACHING ACTIVITIES: (cont.) 



8. Assign student a list of jobs and a management 
priority list. 

9. Instruct student to prioritize the job list. 

CRITERION-REFERENCED MEASURE: 

All priority Job will have been comp leted on or 
before due dates that were required by manageroen t . 
Given a list of Jobs and a managemen t priority list 
the student will rank the Job list with the highest 
priority Job on top and lowest on the bottom of list. 

PERFORMANCE GUIDE: 

1. Identify parts or Jobs from blueprint or 
manufacturing work order. 

2. Determine materials needed and order in which '.o 
use. 

3. List machines or processes in order in which to use. 

4. Determine number of parts to be made in accordance 
to manufacturing work order. 

5. Analyze system to reduce manufacturing time. 

6. Check completion dates indicated on manufacturing 
work order. 

7. Develop coding system for determining production 
scheduling or routing. 
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GUIDE SHEET 



DUTY: Programming and planning 



PERFORMANCE OBJECTIVE #35 

TASK : Schedule programs. 

STANDARD OF PERFORMANCE OF TASK: 

Jobs for programmers, machine tools and operators 
must be scheduled to provide a continuous and 
efficient work flow process as well as to meet 
the needs of management. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
1985 NC/CAM Guidebook. 



CONDITIONS FOR PERFORMANCE OF TASK: 



Work orders 
Rout i ng sheet 
Bill of materials 
List of Job priorities 
List of programs available 



ENABLING OBJECTIVE: 



!• Determine Jobs are in progress and what machines 
are being used» to process those Jobs. 

2, Determine when the delivery dates occur for each 
Job. 

3, Identify when programs will be due. 



•RESOURCES: 



1. Kodern Machine Shop. 1995 NC/ CAM Guidebook, 
Gardner Pub 1 i ca t i on s » Cincinnati, OH , 1985 

2. Sample priority list. 

3. Sample manufacturing work order. 

4. Sample management priority list. 

5. Worksheet * 

6. Information sheet - 

7. Visual aid - 



TEACHING ACTIVITIES: 



1. Present lorture on determining Job priorities. 
(•1,2,3,4) 
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TEACHING 



ACTIVITIES! (cont. ) 



2. Discuss factors affecting job priorities. 

3. Discuss program availability. 

4. Discuss grouping of programs with similar tool 
procedures . 

5. Demonstrate how to schedule programs according to 
job priorities. 

6. Assign student a list of available programs and a 
list of job pr ior i t ies. 

7. Instruct student to schedule jobs to provide a 
continuous and efficient work flow. 



Student will schedule programs to provide a steady 
and smooth work flow> utilizing all necessary 
equipment while meeting management requirements and 
job due dates. 



PERFORMANCE GUIDE 2 

1. Determine priority of programs: 

a. Indicated completion date. 

b. Size and scopa of job. 
c • Managemen t comm i tmen t . 

d. Type of ma chining process required. 

e. Available facilities within plant. 

2. Determine availability of programs. 

3. Determine availability of Job details within 
programs • 

4. Categorize programs with similar tools procedures. 

5. Complete job order :^reference based on criteria 
above. 



CRITERION-REFERENCED MEASURE: 
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GUIDE SHEET 
DUTY: Programming and planning 



PERFORMANCE OBJECTIVE #36 

TASK: Schedule heat-treated materials. 

STANDARD OF PERFORMANCE OF TASK: 

Heat-treated process must not interfere with 
additional or prior ma chining operations. 
Completed workpiece must meet range of plus or 
minus tolerance specifications and finished 
quality specifications as indicated on blueprint. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

Materials list 

Blueprint tolerance specifications 
ENABLING OBJECT T/E: 

1. Determine the type of steel each detail is made up 
of. 

2. Identify heat treat requirements of various types of 
steel, in order to gather a group of blocks of the 
same type before going to hv^at treats 

3. Determine areas to be machined before heat treating. 

•RESOURCES: 

1. Modern Machine Shop. 1985 NC/CAM Guidebook , 
Gardner Publications, Cincinnati, OH , 1985. 

2. Sample priority list. 

3. Sample manufacturing work order. 

4. Sample management priority list. 
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TEACHING ACTIVITIES: 

1. Present lecture on factors affecting scheduling of 
heat-treated mater ials. 

2. Discuss checking material list for any heat-treated 
ma t er la 1 s . 

3. Discuss various types and grades of steel, and their 
heat treat properties. 
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TEACHING ACTIVITIES! (cont.) 



4. Demonstrate various types and grades of steel, and 
theli heat treat properties. 

5. Discuss machining processes performed before 
heat'-tr eating. 

6. Discuss machining processes which can be performed 
after heat-treating. 

7. Instruct student to schedule heat-treating processes 
so that they do not interfere with other ma chining 
proces ses . 

CRITERION-REFERENCED MEASURE: 

The student will determine and schedule heat- 
treat me nt process so that all heat'-treated materials 
shown on material list will have been completed in 
time, so as to not disrupt the rest of the job. 

PERFORMANCE GUIDE: 

1. Select materials to be hea t 1 rea t ed from stock list. 

2. Establish priority list for materials. 

3. Plan for close tolerance areas: 

a. Note on print extra material to be left. 

b. Determine requi r emen ts for workpiece squareness 
and para I 1 e 1 i sm. 

4. Determine areas to be machined before heat-treating. 
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GUIDE SHEET 
DUTY; Programming and planning 



PERFORMANCE OBJECTIVE #37 



TASK; Schedule secondary processes. 
STANDARD OF PERFORMANCE OF TASK; 



Work flew within machining departments roust 
continue without interruption or unnecessary 
downtiroe with production of workpiece-* 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 



CONDITIONS OF PERFORMANCE OF TASK; 



Par t print 

Blueing for transfer 
Layout blue or layout dye 
Means for part identification 
Manufacturing finishing equi pmen t 



ENABLING OBJECTIVE: 



1. Determine type of steel each detail is made up of. 

2. Recognize secondary processes from material list or 
individual detail notes on blueprint. 

3. Identify some outside vendors* in case any secondary 
process cannot be done in house. 



•RESOURCES: 



1. Modern Machine Shop. 1985 NC/CAN Guidebook , 
Gardner Publications, Cincinnati, OH , 19(3 

2. Sample priority list. 

3. Sample manufacturing work order. 

4. Sample management priority list. 
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TEACHING ACTIVITIES: 

1. Present lecture on types of secondary processes. 
(«1,2,3,4) 

2. Discuss grinding, fitting, deburning, cleaning and 
blueing. 

3. Discuss ranking secondary processes in sequential 
order • 
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TEACHING ACTIVITIES: 



( con t . ) 



4« Demonstrate how to rank secondary processes. 

S. Assign students a list of secondary processes and 

instruct ;tudent to rank tham sequentially. 
6« Instruct student to schedule secondary processes. 
Note: All secondary, such as grinding or fitting still 
must be tied to scheduling any heat treating* 



CRITERION-REFERENCED MEASURE: 



The student will identify secondary processes to be 
completed and schedule them so that the work flow 
continues without interruption or downtime. 



PERFORMANCE GUIDE: 



1« Determine detail priority of secondary processing: 

a. List .*11 secondary processes required« 

b. Rank processes in sequential order. 
2« Remove all sharp edges and burrs* 

3« Perform secondary operations: 

a. CI ean i ng« 

b« Grinding. 
Fitting. 

d. Blueing shut-offs. 
4, Identify part with identification code. 
5« Inspect detail to verify completion* 
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GUIDE SHEET 
DUTY: Programming and planning 



PERFORMANCE OBJECTIVE #38 



TASK: Schedule plating. 



STANDARD OF PERFORMANCE OF TASK: 



Scheduled plating roust not interfere with 
machining process or piece part dimensioning and 
roust not interrupt flow in production. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
1985 NC/CAM Guidebook. 



CONDITIONS OF PERFORMANCE OF TASK: 



Materials list 
Schedu I i ng sheet 
Rout i ng sheet 

Plating facilities in-house 
Plating services available 

ENABLING OBJECTIVE: 

1. Check material list for all details that require 
planting. 

2. Determine detail to be plated requires heat treating 
before. 

3. Identify some outside vendor who do plating, in case 
it oa.inot be done in house. 



^RESOURCES: 



1. Modern Machine Shop. 1985 NC/CAM Guidebook , 
Gardner Publications, Cincinnati, OH , 1985 

2. Sample priority list. 

3. Sample manufacturing work order. 

4. Sampie management priority list. 



TEACHING ACTIVITIES: 



1. Present lecture on what plating is and how it is 
done. («1) 
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TEACHING ACTIVITIES: (cont.) 



2. Discuss plating process. 

3. Discuss time and money cons i dprat i ons • 

4. Discuss ranking plating process in relation to other 
ma chining processes. 

6. Instruct student to schedule plating processes^ 

CRITERION-REFERENCED MEASURE: 

The student will schedule plating process so that 
other ma chining processes are not interupted or 
de 1 ayed . 

PERFORMANCE GUIDE: 

1. Select from stock list, all materials for plating. 

2. Establish a priority !fstc 

3. Determine if plating is to b9 done in house or 
sub-contracted. 

4. Establish a time for plating, if done in house: 

a. Make notation on piece print. 

b. Send routing slip to plating department. 

5. Check outside source for price and time for plating: 

a. Prepare paperwork. 

b. Schedule materials to be sent. 

6. Prepare material by completing machining work prior 
to p 1 a t i ng. 



GUIDE SHEET 



DUTY: Setting up 



PERFORMANCE OBJECTIVE »39 



TASK: Check tooling itheet, 
STANDARD OF PERFORMANCE OF TASK: 



Tools must be listed in order of usage. 



SOURCE OF STANDARD; 



Writing team of incumbent workers. 



CONDITIONS OF PERFORMANCE OF TASK: 



Penc i i 
Tool d(' a 
Tool sheet 

Tool identification numbers 

Tool tag (or system for ma king tools 



ENABLING OBJECTIVE: 



1. Select the proper tooi from tool information sheet. 

2. Position each tool in proper sequence. 

3. Select co:rrect place on tool turret. 

4. Identify if tool is missing and steps required for 
repor ting. 



•(RESOURCES: 



1. Pusztal J. and Sava M. Computer Numer ical Control . 
Reiton Publishing Company^ Inc.» Reston, VA. 

1983. 

2. Jan«i Chllds. Numerical Control Part Programming, 
Industrial Press Inc., New York, NY. '.973. 

3. Wllllau Luggne. Fundamentals of Numeilcal ControU 
Delmar Publishers, Inc., Albany, NY, 1973. 

4. James Chllds. Principles of Numerical Control . 
Third Edition . Industrial Press Inc., New York, 
NY, 1982. 

5. Manufacturer's operating manual. 

6. Manufacturer' s programming manual . 

7. Visual aid - Tooling sheet. 



TEACHING ACTIVITIES: 



1. Present lecture on completing tooling sheet. 
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TEACHING ACTIVITIES: (cont.) 



2. Discuss the tool numbering system. 

3. Discuss types of tools and the tools purpose. 

4. Discuss the tool turret or drum of the machine. 

5. Discuss use of tool tagging or marking. 

6. Discuss problems associated with broken or missing 
tools. 

7. Demonstrate procedure for reviewing a tooling sheet 

8. Instruct student in reviewing a tooling sheet. 

CRITERION-REFERENCED MEASURE: 

The student will review the tooling sheet and 
determine the order of tool usage for the part 
program. 

PERFORMANCE GUIDE: 

1« Review tool sheet for order of tool usage for part 
p r ogram. 

2. Determine tool positions on turret Cor tool drum) a 
specified on tool shest. 

3. Identify needed tools not currently available: 

a. Recommend vendor name and part number on tool 
sheet . 

b. Re port to sp9Cified personnel for missing 
i nf orma t i on. 
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SAHPLE TOOLING FORM 



PART NAME 


PART NO. 


DRAWING NO. 




MACHINE AND CONTROL 


REVISION 


PROG. BY 


DATE 


SET UP AND TOOL INFORMATION 


CHECK BY 


PAGE OF PAGES 

1 I 


T6 SPT T..C IW POSITION 


Onsrat i on 
or Stat ion 
NgiPber 


Tool 


r 

Remarks 


Cut 
Speed 


R.p.h. 


Feed 


CPT or 
FD/REV 


Descr ipt ion 




Sit Dim. 
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CHECKLIST 



DUTY Setting Up, 



TASK Check tool Ing sheet. 



ENABLER Select the proper tool from tool infor mation 
sheet. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate programming tool 
change, 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected the proper tool(s>« 



" Matched the tool to identification 
number • 

" Positioned the tool in sequence, 
-* Positioned the turret location, 
- Recognized incorrect tools. 
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GUIDE SHEET 



DUTY: Setting up 



pe:^formance objective #40 

TASK: Transport tools. 

STANDARD OF PERFORMANCE OF TASK: 

Cutting tool edges must be protected while in 
transit. All cutting tools must be available at 
ma chine tool during ma chining process prior to 
beginning CNC program. 

NOTE: Before starting to transport tools, check 
previously Identified tool number and tool 
location numbe r s . 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS OF PERFORMANCE OF TASK: 

Too 1 8 
Car r 1 er 
Too 1 holders 
Tool list 

Tool identification number 
ENABLING OBJECTIVE: 

1. Identify procedures for gr i nd 1 ng ( s har pen i ng) tools. 

2. Identify procedure for protecting prepared tools. 

3. Determine tool identification system, tool lists 
and associated tools. 

4. Identify machine to be used and determine its tool 
requ 1 remen t . 

•RESOURCES: 

1. Manufacturer's operating manual. 

2. Manufacturer* 8 programming manual . 

TEACHING ACTIVITIES: 

1. Present lecture on procedure for transporting 
tools. 
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TEACH 1 NG ACT IVITIES: (cont.) 



2. Discuss and demons trate preparing tools to 
require finish for each machine. 

3. Discuss the tool list and a description of the 
ma chining process it performs. 

4. Demons trate how to handle the tools and remove t hero 
from their storage location to and from tool holders 
and car r iers . 

5. Discuss tool identification and marking system. 

6. Discuss and demonstrate safe tool handling and 
transporting procedures. 

7. Assign student a list of tools to be located, 
transported to a CNC roachine, and loaded into 
turret/drum. 

8. Instruct student to transport tool to and from 
storage to CNC machine. 



CRITERION-REFERENCED MEASURE: 



The student will identify tools by nurober, inspect 
tools* condition, transport tools from storage to 
CNC machine and load the tools Into the turret/drum. 



PERFORMANCE GUIDE: 



1. Load tools in carrier. 

2. Route tools to specific CNC machine. 

3. Protect cutting edge of tools froro other surfaces 

4. Unload tools In standby tool carrier. 
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GUIDE SHEET 



DUTY: Setting up 



PERFORMANCE OBJECTIVE #41 

TASK: Install cutting tools in holders. 

STANDARD OF PERFORMANCE OF TASK: 

When cutting tools and holders are inserted into 
machine tool spindle, entire holder and cutting 
tool setup roust be within the prograromer's 
working tolerances and roust remain secure during 
machining process. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS OF PERFORMANCE OF TASK: 

Adap t e r s 
Cutt ing tool s 
Too 1 i ng sheet 
CNC machine 

Tool holders: arbor, fixed lock, and collet 
ENABLING OBJECTIVE: 

1. Idet.tlf^* tools needed to set up machine. 

2. Detei)i^!:i8 size and shape of tools needed for 
roach 1 n i ng. 

3. Set-up tool holder (turret, spindle etc.) to prograro 
specifications and tolerances. 

4. Check tool for proper cut (sharpness & condition). 

•RESOURCES: 

1. Pusztai and Sava. Computer Nuroer i ca 1 C.>n t ro 1 > 
Reston Publishing Company, Inc.9 Reston, VA. 1983. 

2. James Childs. Numerical Control Part Programming. 
Industrial Press Inc., New York, NY. 1973. 

3. William Luggen. Fundamentals of Numerical Control, 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. James Childs. Principles of Numerical Control, 
Third Edition, Industrial Press Inc., New York, 
NY 1982. 

5. Manufacturer's operating manual. 
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•RESOURCES: (cont . ) 



6. Visual aid - Tool assembly sheet. 

7. Checklist " Installing cutting tools in holders. 



TEACHING ACTIVITIES: 



1. Present lecture on installing cutting tools in 
holder'i. (»1,2,3,4, 5&6) 

2. Discuss selecting process of tool for operations 
being done. 

3. Discuss touch off method of tool for machining. 

4. Discuss how to adjust tool or tool holder to program 
specification and tolerance. 

5. Discuss and demonstrate observing tool during 
operation for error /ma 1 f unc t i on . 

6. Discuss and demonstrate how to correct malfunction 
with adjust me nt tools. 

7. Discuss and demonstrate improper tool set-up such 
as out of ma chine limits. 

8. Discuss and demon s trate safety procedures and 
considerations for installing cutting tools in 
holders. 

9. Instruct student to install cutting tools in tool 
holder. 



CRITERION-REFERENCED MEASURE: 



The student will identify tools needed to comp 1 e t e 
m&chining process* determine proper holders needed 
and Install tooli in their respective holders. 



PERFORMANCE GUIDE: 



1. Check tooling sheet for cutting tool size to be 
used. 

2. Select holder to fit cutting tool for machining. 

3. Check the combined length of tool holder 
requ i rement s of program printout. 

4. Clean turret or pocket of tool drum before loading. 

5. Place cutting tool in holder and tighten. 

NOTE: Tool^ may also be preset Into precision made 
holders. 

6* USe one of the following methods (depending upon 
machine tool) to tighten cutting tool: 

a. Tighten set screw in holder, or 

b. Tighten col l it around holder with wrench. 

c. Tighten cutting tool In drill check using chuck 
key. 
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TYPICAL TOOL IDENTIFICATION / DATA SHEET 



TOOL DATA SHEET 



TOOL DRANING 



TOOL NAME 

5/16^^ Dr M I (I onq ) 



o 
o 
r 



> 

m 

cn 

O 



O 

3 



---0- 



DURABLE TOOLING 



91501 univsraal acura-grip «oll«ct chuck 
901000-5/16 acura-grip collect 
901001 acura-grip collect nut 



TOOL IDENTIFICATION No. 



01121 



DATE SET 

1-1-86 



SET BY 
D.G.H. 



O 

o 



c 

00 

m 
»-• 



PERISHABLE TOOLING 



5/16 extra length drill 
at least 7.5'' flute Iqth 
9.0" O.A.L. 



HHERE USED 

327654 
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CHECKLIST 



DUTY Sett Ing Up. 



TASK Install cutting tool In holders 



ENABLER Set up tool holders to program g peel f i ca t I on s > 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 



DIRECTIONS TO THE E VALUATOR: 

Use the following checklist to evaluate prograramlng 
tool change. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected the necessary tools and 

adapters. 



- Select the correct cutter for the 
proces ses . 

- Set the tool holder within the 
program tolerances and specifications. 

" Checked the tool/cutter for sharpness. 

" Checked the speed/f eedrate and 
made necessary adjust me nts. 

- Chec^ked the workpiece to make sure 
it was within the specifications 
and tolerances. 
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DUTY: Setting up 



GUIDE SHEET 



PERFORMANCE OBJECTIVE #42 

TASK: Load tools in tool drum (also called turret or 
magaz i ne ) . 

STANDARD OF PERFORMANCE OF TASK: 

Tools must be inserted securely in tool drum, 
turret, or tool magazine in the order outlined on 
tool sheet and production of workpiece must be 
uninterrupted by machine tool malfunction. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS OF PERFORMANCE OF TASK: 

Too 1 s 

Too 1 holders 

Tooling set-up sheet 

Tool identification numbers 

CNC machine with tool drum indexing feature 
ENABLING OBJECTIVE: 

1. Select Individual cutting tools for the ma chining 
process as specified by programs. 

2. Understand tool set-up for non-destructive 
malfunction all gnmen t • 

3. Identify tool I.D. number and turret location. 

'RESOURCES: 

1. Pusztai and Sava. Computer Numerical Control 
Reston Publishing Company, Inc., Reston» VA. 1983. 

2. James Childs. Principles of Numerical Control. 
Third Edition. Industrial Press Inc., New York, 
NY. 1982. 

3. Wi 1 1 iam Luggen. FundAmantals of Numerical Control. 
Delmar Publishers, Inc., Albany, NY. 1984. 

4. Manufacturer's operating manual. 

5. Manufacturer's p r ogramm i ng manua 1 . 

6. Visual aid - Rotary tool turret. 

7. Checklist - Loading tools. 

TEACHING ACTIVITIES: 

1. Present lecture on loading tools in tool drum. 
(«1,2,3,4 Sc 5) 
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TEACHING ACTIVITIES; (cont.) 



2. Select by I.D. number. 

3. Discufs cleaning and preparing tool drum for tool. 

4 . Demon 8 trate how to manually ope rate tool drum 
through each/all steps of program and set tool for 
the operat ion. 

5 . Demon 8 trate how to confirm indexing drum to program 
specifications and tolerance. 

6. Discuss and demon s trate monitoring and identifying 
ma 1 f unc t ions. 

7. Discuss and demons trate positioning tool to mal- 
function on waste product only. 

8. Discuss and demon s trate tool tagging and use of tool 
sheet . 

9. Instruct student to load tools in turret/drum. 

CRITERION-REFERENCED MEASURE: 

The student will set-up ma chine to receive workpiece 
for operations, clean and adjust tool drum for 
required operations, check too! drum for limits 
required by program and position cutting tools in 
drum for each position of program. 

PERFORMANCE GUIDE: 

1. Clean holder and pocket prior to installing tool 
holder in mach 1 ne. 

2. Secure each tool and tool holder as specified by 
programmer • 

3. Depress index tool drum, turret, or tool magazine 
push button to select desired tool station to be 
used. 

4. Insert tool Into the drum, turret, or tool magazine. 
NOTE : I n some shops this loading process may also 

require the setting of tool length 
compensation lengths. 

5. Depress index tool drum, turret, or tool magazine 
push button to next tool station position. 

6. Repeat s tep 5. 
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ROTARY TOOL TURRET 
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CHECKLIST 



DUTY Setting Up. 

TASK Load tools In tool drum (£>|go called turret or 
magazine) > 

ENABLER Select Individual cutting tools for the 

machining process as specifi ed by programs. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 



TOTAL 

DIRECT I ONb TO THE EVA^UATOR : 

Use the following checklist to evaluate students 
performance while loading tools. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Cleaned and prepared the machine 

for operation. 

- Placed and secured toolCs) and 
tool holder(s) In the machine as 

specified by the program. 

- Used the tool control for the 

drum to correct the position. 

- Inserted the tool into drum and 

maintained length. 

- Corrected the steps for each tool 

setting. 
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GUIDE SHEET 



DUTY: Setting up 



ERIC 



PERFORMANCE OBJECTIVE »43 

TASK: Mount holder and tool on spindle (manually). 

STANDARD OF PERFORMANCE OF TASK: 

Tools holder must remain in machine spindle 
during ma chining operations. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers. 

CONDITIONS OF PERFORMANCE OF TASK: 

CNC machine 
Tool holder 

Cam wrench (in place of automatic draw bar) 
ENABLING OBJECTIVE: 

1. Demonstrate both nanual and automatic operation of 
mach i ne. 

2. Determine set-up of draw bar and spindle for manual 
to 1 erance. 

^RESOURCES: 

1. Pusztal and Sava. Computer Numerical Control. 
Reston Publishing Company, Inc.» Reston, VA. 1983. 

2. James Chllds. Principles of Numerical Control. 
Th i rd Ed i 1 1 on. Industrial Press Inc., New York, 
NY. 1882. 

3. Ul 1 1 Ian Luggen. Fundamentals of Numerical Control. 
Del mar Publishers, Inc., Albany, NY. 1984. 

4. Manufacturer's operating manual. 

5. Manufacturer's p rogramm i ng manua 1 . 

6. Checklist - Mounting holder and tool on spindle. 

TEACHING ACTIVITIES: 

1. Present lecture on mounting holder and tool on 
spindle. 

2. Discuss and demonstrate how to clean spindle of 
foreign matter. 

3. Discuss and demons trate how to clean tool holder 
of chips and dirt. 
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TEACHING ACTIVITIES: (cont.) 



4. Discuss tool selection and confirm tool I.D. for 
tool. 

5* Discuss and demonstrate placement placement of tool 
holder in spindle opening. 

6. Discuss manual rotation of tool holder in spindle. 

7. Discuss and d^imonstrate use of cam wrench on 
spindle. 

8. Instruct student to manually mount holder and tool 
on spindle. 



The student will clean spindle and tool holder, 
select tool and determine tool I.D. number, insert 
tool into spindle in both au t oma tic and manual, 
mo del and mount tool holder using a wrench mo del 
o r au t oma tic push button. 



PERFORMANCE GUIDE: 

Without automatic draw bar; 

1 . Clean spindle. 

2. Determine if tool holder is free of chips. 

3. Select tool to be used. 

4. Place tool holder in spindle. 

5. Rotate tool holder in spindle. 

6. Place cam wrench on slotted collar of spindle wrench 

counterclockwise until collar tightens down on tool 
holder. 

NOTE: Some shops will require setting of tool 

length compensation at this point. 

With automatic draw bar: 

1 . CI ean spindle. 

2. Determine if tool holder is free of chips. 

3. Select tool to be used. 

4. Hold tool holder up near spindle and release tool 
change bu t ton. 

NOTE: Some ihopi will require setting of tool 



CRITERION-REFERENCED MEASURE: 



length compensation at this point. 




CHECKLIST 



DUTY Setting Ud> 



TASK Mount holder ^nd tool on sPlndle (manually), 

ENABLER Determii^e <fet-up of draw bar and spindle 
for manual tolerance^ 

STUDENT'S NAME ^ DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate students 
performance while manually mounting holder and tool. 

PERFORMANCE DETERMINANTS VES NO 

The preparer 

- Clean and prepare the machine. 

- Cleaned and prepared tool holder. 

- Properly select the tool. 

- Positioned the tool holder in spindle. 

- Manually operated the tool holder. 

- Set the tool length. 



- Aligned the tool holder and 
operated the control button. 

- Inserted the tool holder in the 
sp i nd 1 •. 

- Operated the tool change button. 
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GUIDE SHEET 



DUTY: Setting up 



PERFORMANCE OBJECTIVE #44 

TASK: Load automatic tool changer. 

STANDARD OF PERFORMANCE OF TASK: 

When tool number is called up in program» the 
tool must be loaded into spindle. 

NOTE: Loaded tool drum, turret, or magazine 
should not exceed manufacturer' s 
recommended specifications for total 
tools, maximum weight, length, and 
dimension of cutting tools. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Operating Manual for Cincinnati Milacron. 

CONDITIONS OF PERFORMANCE OF TASK: 

Too 1 8 

Too 1 holders 

Tooling set-up sheet 

Tool identification numbers 

Tool pocket locations 

Program with automat ic tool changer. 

Manufacturer's guidelines for automatic 

tool changer specifications. 

ENABLING OBJECTIVE: 

Load an au toma tic tool changer using a tool set up 
sheet to program specifications and tolerances. 
Determine if tool conforms to tool I.D. and tool 
1 oca t i on in au toma tic changer. 

Determine if tools utilized in operations will 
remain within design limitations of automatic tool 
changer . 

"RESOURCES: 

1. Pusztai and Sava. Computer Numerical Control. 

Reston Publishing Company, Inc., Reston, VA. 1983. 



1. 
2. 
3. 
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« RESOURCES (cont. ) 



2. Manufacturer's operating manual. 

3. Manufacturer' 8 programming manual . 

4* Checklist - Loading automatic tool changer. 



TEACHING ACTIVITIES: 



1* Present lecture on procedure for loading automatic 
too I changers • 

2. Discuss and demonstrate checking for cleanlinesst 
burrsy sharpness etc. 

3. Discuss tool positioning for special or non standard 
cutting. 

4. Discuss and demonstrate the use of Jog or pendant 

5. Demonstrate loading tool pocket to program 
spec i f i ca t i ons . 

6. Discuss and demonstrate loading tools during 
'^off'* or '^out'* cycle, [caution: student must be 
made aware of the dangers of loading during on 
or in eye 1 e 



CRITERION-REFERENCED MEASURE: 



The student will correct tools with burrs or 
defects, demonstrate loading tool changer while 
observing safe procedures, select tool with I.D. 
number and special tools with program specifications 
while remain within manufacturers design limitations. 



PERFORMANCE GUIDE: 

1. Check tools to make certain tools are free from 
chips and burrs. 

2. Check orientation of special tools. 

3. Use Jog tool drum, turret, or magazine push button 
to select desired tool pocket. 

4. Insert tool In pocket: 

a. Secure each tool and tool holder as specified by 
programmer * s set-up sheet. 

b. Install tools only when machine is not In cycle. 
NOTE: Loading or unloading tools while machine 

Is In cycle may result in serious 
personal injury. 

5. Depress Jog tool drum push button to next tool 
pocke t . 

6. Re peat steps until tool drum, turret, or magazine 
pockets are loaded or until all tools on set-up 
sheet are loaded. 
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CHECKLIST 



DUTY Setting Up. 



ERIC 



TASK Load automatic tool changer. 



ENABLER Load an automatic tool changer using a tool 

set"UD Bheet to program specifications and 

tolerances, 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 



TOTAL 



DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate students 
performance while loading an automatic tool changer. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected the necessary tools. 



- Checked the condition of the tools 
or cutters. 

- Checked the tool I.D. number. 

- Used the proper tool sequence. 

- Jogged the drum to the correct 
position. 

" Loaded the tool specified by the 
Job set*up sheet . 

- Selected correct sequence positions. 

- Safely loaded in "off cycle". 
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GUIDE SHEET 



DUTY: Setting up 



PERFORMANCE OBJECTIVE #45 

TASK: Operate drawbar (manually and automatically), 

STANDARD OF PERFORMANCE OF TASK: 

Cutting tool and holder must remain secure in 
spindle when machine is in operation, 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS OF PERFORMANCE OF TASK: 

CNC machine which requires use of drawbar 
Drawbar wrench tool 
Tool holder 

ENABLING OBJECTIVE: 

Set up CNC machine drawbar tool in both manual and 
au toma t i c mode • 

"RESOURCES: 

1. Manufacturer's operating manual. 

2. Manufacturer's programming manual. 

3. Checklist - Dtawbar operation. 

TEACHING ACTIVITIES: 

1. Present lecture on manual operation of drawba:*. 
(»1 8c 2) 

2. Discuss and demonstrate safety considerations when 
operating drawbar. 

3. Discuss and demonstrate p**ocedure for cleaning 
ho 1 de pocke t • 

4. Demonstrate method for inserting tool holder/ 
adapter into spindle. 

5. Demonstrate how to hold tool holder with one hand 
and operate draw bar with other hand. 

6. Discuss and demonstrate operation of spindle brake 
and insert wrench to tighten drawbar. 

7. Present lecture on automatic operation of drawbar. 
(«1 8c 2) 
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TEACHING ACTIVITIES: (cont.) 



8. Discuss and demons t ra te proper cleaning of holder 
and pocket. 

9. Discuss and demonstrate use of operating controls 
for releasing tool holder. 

10. Demonstrate how to manually grasp tool holder, 
remove tool holder and place in secure area. 

11. Demonstrate how to place a new tool holder in 
spindle and engage draw bar. 

12* Discuss and demonstrate aligning keyways and 
checking keys for burrst bends and offsets. 

13. Instruct student to operate drawbar both manually 
and au t oma t i ca 1 1 y . 

CRITERION-REFERENCED MEASURE: 

The student will inspect keys and keyways, clean holder 
anj pocket, and operate drawbar both manually and 
automatically while observing all safety conditions at 
all t i me 8 • 

PERFORMANCE GUIDE: 

ManuaJ I y ; 

1. Clean holder and pocket prior to installing tool 
holder in machine. 

2. Insert tool holder or adapter into spindle. 

3. Hold tool holder or adapter with one hand while 
operating drawbar with opposite hand. 

4. Tighten drawbar to tool holder. 

5. Place hand on spindle brake and insert wrench on 
drawbar head. 

6. Tighten until firmly seated. 

Automat leal Iv; 

1. Clean holder and pocket prior to installing tool 
ho 1 der in mach i ne. 

2. Turn the switch to out to release th,e tool holder 
or adapter in the spindle nose. 

3. Gfcsp tool holder or adapter and turn to remove or 
engage. 

4. Plao« removed tool holder or adapter assembly on 
adjoining work area. 

5. Plao« a new tool holder or adapter assembly in 
spindle nose and turn to engage drawbar. 

6. Al i gn keyways in tool holder or adapter with 
keyways in spindle nose. 

7« Release hold on the adapter. 

8. Engage selector switch. 

NOTE: Care must be taken to protect workpiece 
and tool holder and cutting tool during engagement 
or d i sengagemen t of drawbar . 
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CHECKLIST 



DUTY Setting Up. 



TASK Operate drawbar ( manually and automati cally). 

ENABLER Set-up CMC machine drawbar too l in both manual 
and automatic mode, 

STUDENT^ S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME ! STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate students 
performance while setting-up CNC machine drawbar tool 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Cleaned the machine. 

- Inserted the tool holder. 



- Safely operated the drawbar with 
the hand. 

- Tighten (within the limits) drawbar 
to the too 1 s . 

- Automat icly switched out to release 
the tool in the spindle. 

" Removed the tool from the spindle 
(while protecting the tool and hands. 

- Exchanged the tool holder. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE »46 

TASK: Dial cutter compensation. 

STANDARD OF PERFORMANCE OF TASK: 

Programmed center path of cutting tool must 
be altered to allow for difference bet we en 
actual and programmed cutter diameter. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
1984 NC/CAM Guidebook. 

Monarch VMC Three Axis Machining Center 
Programmers Guide. Producer CNC/NC Operator's 
Guide for Ma chining Centers. 



CONDITIONS FOR PERFORMANCE OF TASK: 



Part program 
Con t ro 1 

CNC machine t:ool 
Manufacturer's operators manual 

ENABLING OBJECTIVE: 



1. Alter machining program to allow for cutter size. 

2. Alter machining program on cut line for cutter size 
compensat i on. 

3. Apply feed rate corrections to program. 



« RESOURCES: 



1. Modern Machine Shop. 19fl6 NC/CAM Guidebook . 
Gardner PublioationSt Cincinnatit OH t 1985. 

2. Manufacturer' s operating manual. 

3. Manufacturer's programming manual. 

4. Checklist - Dial cutter compensation. 

TEACHING ACTIVITIES: 

1. Present lecture on altering center of cutting tool 
path. 

2. Discuss and demonstrate changes cutter diameter and 
feed rate. 




TEACHING 



ACTIVITIES! (cont. ) 



3* Discuss differences between cutter programmed 

diameter and actual diameter. 
4* Ex plain how to check program for errors* 
5* Discuss and demonstrate removing changes and 

returning program to original specifications or 

list i ngs • 

6. Assign student a programmed center path and instruct 
the student to alter the program to allow for the 
actual and programmed cutter diameter. 

CRITERION-REFERENCED MEASURE: 

The student will compare machine program for cutter 
changes and will alter program and cancel alterations 
at conclusion in accordance with ma chine program 
guidelines. 

PERFORMANCE GUIDE: 

1. Define whether cutter path lies to right or left 
of path. 

2. Enter code that describes location of cutter to 
piece part (inside cut-outside cut). See 
Manufacturer's operators manual for specific ma chine 
tool. 

3. Change feedrate for cutter compensation (if 
necessary) . 

4. Enter cutter compen sa tion value on ma chine control. 

5. Cancel cutter compensation when program is finished. 
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CHECKLIST 



DUTY Setting Up. 

TASK Dial cutter compensation. 

ENABLER Alter machining program to allow for cutter 

? Ugt 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate students 
performance while adjusting cutter compensation 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Powered up program for checking. 

- Determined the actual cutter path. 

- Entered the code to alter the 

cutter's path. 

- Enter code for cutter compensation 

factors. 

- Determine the resuiLs. 

" Shut down operation and restored 

the progran. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #47 

TASK: Mount workpiece. 

STANDARD OF PERFORMANCE OF TASK: 

Part roust be held rigid and secure fixture 
without piece part movement. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE . OF TASK: 

Fixture wi th c lamps 
Holding device 
CNC machine 
Piece part 

ENABLING OBJECTIVE: 

1. Demonstrate proficiency in working with fixtures. 

2. Secure workpiece in fixture. 

•RESOURCES: 

1 . E.G. Hof f man. Jig and Fixture Design . De Imar 
Publishers Inc., Chicago, 1985. 

2. William Luggen. Fundamentals of Numerical Control. 
Delmar Publishers, Inc., Albany, NY, 1984. 

3. Manufacturer's operating manual. 

4. Manufacturer's programming manual. 

5. Checklist * Mount workpiece. 

TEACHING ACTIVITIES: 

1. Present lecture on the procedure for mounting a 
workplace.. («1,2,3,4) 

2. Discuss cleaning work area and needed working tools. 

3. Demonstrate how to attach a fixture to the work 
table. 

4. Discuss and demonstrate placement of workpiece in 
f i xture. 

5. Demonstrate the alignment of positioning blocks, 
pins, etc. 
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TEACHING 



ACTIVITIkiS: (cont. ) 



6. Discuss and demonstrate clamping procedures. 
NOTE: Take caution to prevent damaga to finished 
surfaces. 

7. Instruct student to observe worn or damaged fixture 
parts. 

8. Assign student a workpiece and fixture holder and 
instruct the student to mount the workpiece on the 
CNC machine work table. 

CRITERION-REFERENCED MEASURE: 

The student will set up clean work area with needed 
fixtures, tools and clampst place the workpiece into 
fixture protecting finished surfaces, observe fixture 
for damage or wear, clamp holding device according to 
specification, remove pi^ce from fixture and protect 
both fixture and part. 

PERFORMANCE GUIDE: 

1. Clean table and fixture. (if necessary) 

2. Attach fixture to table. 

3. Place piece part in fixture. 

4. Clamp and hold piece In position by aligning part 
with location pins or positioning blocks. 

NOTE: Caution should be used when mounting 
workpiece to avoid damage to workpiece through 
mi s-hand 1 ing. 
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CHECKLIST 



DUTY Setting Up. 

TASK Mount workpigoe. 

ENABLER Secure workpiece in fixture. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate students 
performance while mount ing the workpiece, 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Cleaned the machine chip tools, 

- Selected needed tools. 

- Attached the fixture. 

- Attached the workpiece to the 

fixture with alignment block. 

- Attached the clamps and boots clear 

of ihe cutter/tool. 

- Checked the fixture for wear and 

damage. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE »48 
TASK: Set zero. 

STANDARD OF PERFORMANCE OF TASK: 

Axis displayed on CRT screen must register as 
zero coordinate. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 

Blue'^rint/set-up sheet 
Manufacturer* s operating manual 

If necessary^ use one of the following: 

Edge finder 

P 1 jce part stop 

Dial indicator 

Automat ic pickup probe 

ErMBLlNG OBJECTIVE: 

1. Set up machine for operation from plan according 
to ma chine operation manual. 

^RESOURCES: 

1. Puiztal J., and Sava M. Computer Numerical 
Control > Reston Publishing Co., Reston, VA , 
1983. 

2. William Luggen. Fundamentals of Numerical Control. 
Delmar Publishers, Inc., Albany, NY , 19R4. 

3. James Childs. Numerical Control Part Programming, 
Industrial Press Inc., New York, NY , 1973. 

4. James Childs. Prlncipleg of Numerleal Control. 
Th i rd Ed 1 1 i on . Industrial Press Inc., New York, 
NY , 1982. 

5. Brown, W. C. Blueprint Reading for Industry , 
Goodhear t-Wi 1 Icox, South Holland, IL , 1.983. 

8. Manufacturer's operating manual. 

7. Manufacturer* 8 programming manual . 

8. Checklist - Set zero. 
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TEACHING ACTIVITIEL: 



1* Present lecture on the meaning and purpose of zero 
offset. 2»3» & 4) 

2. Present lecture on the procedure determining and 
setting zero offset. («1,2»3»4,6 & 7) 

3. Instruct student to read blueprint/setup shift to 
determine starting position. 

4. Discuss and demonstrate moving machine to starting 
point us ing: 

a. Dial indicator. 

b. Piece part. 

c. Edge f inder . 

d . Au t oroa tic pickup probe. 

5. Discuss setting ma chine ac cording to manufacturer's 
operat ing manual . 

6. Discuss and demonstrate checking machine limit 
swi tch. 

7. Assign a student a CNC machine and workpiece blue- 
print. 

8. Instruct student to identify and set zero offset 
(starting posit;ion) for the ma chine and workpiece 
ass i gned. 



CRITERION-REFERENCED «F'. J : i 



The student will . blueprint for starting point 

and mode, moving m to starting pointy and set zero 

offset using a ^*dr .^tor^piace point, edge find^^r, 
automat ic pick::, p. 



PERFORMANCE GUIDE: 



1. Read blueprint or set-up sheet for specified 
starting position. 

2. Locate and move to starting position on workpiece 
by us ing necessary instruments : 

a. Dial i nd i cator . 

b. Piece part stop. 

c. Edge f I nder • 

d. Automatic pickup probe. 

3. Set machine according to special machine 
requlrtments as indicated in manufacturer's 
op«r&t I ng manua 1 . 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #49 



TASK: Dry run program. 



STANDARD OF PERFORMANCE OF TASK: 



Program must run without observed error. 
NOTE: Eye protection should be worn during 
mach 1 ne dry run. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



« CNC machine tool. 

Safety glasses 

«» CNC vertical mi 1 1 

Safety shoes 

»»» CNC wire EDM 

Knowledge of safety rules for operating machine 
in dry run. 



ENABLING OBJECTIVE: 



1. Activate machine and load program. 

2. Prepare machine for dry run. 

3. Initiate program run. 

4. Conduct dry run of program. 



(•RESOURCES: 



1. Manufacturer's operating manual. 

2. Manufacturer's programming manual. 

3. Program to be run. 

4. Ma chine for dry run operation. 

5. Checklist - Dry run program. 



TEACHING ACTIVITIES: 



1. Present lecture on the purpose and procedure for 
performing a dry run. («1 & 2) 

2. Discuss and demonstrate safety cons iderat ions when 
performing a dry run. 
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TEACHING ACTIVITIES: (cont,) 



3. Present lecture on the different types of machines 
that a dry run might be performed. 

4. Discuss and demonstrate a dry run on a CNC machine. 

5. Discuss aad demonstrate a dry run on a CNC vertical 
milling mach i ne. 

6. Discuss and demonstrate a dry run on a wire EDM. 

7. Assign the student a program and a machine to 
conduct a dry run on. 

8. Instruct stucHent to conduct a dry run of a program. 

CRITERION-REFERENCED MEASURE: 

The student will identify the ':ype of machine needed 
for a dry run and perform a dry run of the program. 
The program must run without error. 

PERFORMANCE GUIDE: 

«CNC machine tool 

1. Load program 

2. Call up beginning of program. 

3. Switch control to dry run. 

4. Depress cycle start. 

««CNC vert ica 1 mill 

1. Load program in ma chine control. 

2. Set cutter depths so that cutter will not hit work- 
piece during dry run. 

3. Turn on dry run and start program. 

4. Watch cutter travel during dry run to check program. 
NOTE: Watch cutter during dry run of program and bo 
prepared to stop ma chine if program malfunctions or 
If cutter Is going to hit workpiece or cl amps . 

•••Wire EDM 

1. Load program in machine control. 

2. Remove wire from guides. 

3. Position guides to clear workpiece, clampst and 
machine limit switches. 

4. Install drawing pen In holder arm. 

5. Place drawing paper In plotting table. 

6. Fix paper by rubber magnet and attach to machine. 

7. Depress dry run button to start program. (Feedrate 
In dry run Is set by parameters of machine. 
Caution should be taken to clear nozzles and 

attachment cables.) 

NOTE: Specific machine tools may specify to set machine 
In block-by-block mode» no motlon» or two axis 
block during the dry-run procedure. 



CHECKLIST 



DUTY Setting Up, 

TASK Dry run program. , 

ENABLER Activate machlna and load program for 

vertical milling ma chine, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE E VALUATOR: 

Use the following checklist to evaluate the student whi 
setting up the vertical milling machine for operation. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Loaded the program. 

• Set the workpiece on the machine. 

- Used the all gnmen t blocks. 

- Set up the clearance from the 

workpiece. 

- Operated the dry run. 

" Chocked the machine for the actual 

path. 

- Wati^hed J'or malfunctions. 

- Utn,^:^^(S the safety guards and wore 

propat-: clothing. 

\ 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #50 



TASK: Add coolant commandSt 



STANDARD OF PERFORMANCE OF TASK: 



As a result of coolant flow on cutting tool, 
cutting tool must operate with minimum heat and 
coolant must prevent chip build-up. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 



CONDITIONS FOR PERFORMANCE OF TASK: 



Con t ro 1 

CNC machine 

Access to edit mode 

Manufacturer's operati ng/pr ogr amm i ng manua 1 
Carbide insert or metal cutting tool (do not use 
coolant on ceramic cutting tool) 



ENABLING OBJECTIVE: 



1. Load program into memory. 

2. Select edit mode and insert coolant command. 

3. Utilize manual coolant override for adding coolant. 

4. Match coolant rate to tool and cutting/feedrate. 



•RESOURCES: 



1. William Luggen. Fundamentals of Numerical ControU 
De Inar Publiiheri, Inc., Albany, NY, 1984. 

2. Manufacturer's operating manual. 

3. Manufacturer' s programming manual . 

4. Checklist - Add coolant commands. 



TEACHING ACTIVITIES: 



1. Present lectura on the purpose of coolant. 

2. Present lecture on types of coolants and methods of 
de 1 i very . ( « 1 , 2 & 3 ) 

3. Discuss tool coolant requi remen t depending on tool 
type, material, size, cutting speed and feedrate. 

4. Demonstrate method for recalling program from memory 
and using edit mode. 
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TEACHING ACTIVITIES: (cont.) 



5. Discuss and demonstrate insertion of coolant command 
(usual ly MO 6). 

6. Discuss and demonstrate manual operation of coolant 
override. 

7. Assign student a CNC ma chining process, workpiece, 
and part p rogram. 

8. Instruct student to identify type of coolant needed 
and insert proper coolant command code . 

CRITERION-REFERENCED MEASURE: 

The student will determine tool coolant require me nts 
determined by type of cutting, tool cutter speed, feed- 
rate and cutter tool size. The student must power up 
ma chining, enter program, access to memory and coolant 
command s into program at required position. 

PERFORMANCE GUIDE: 

1 . Load pf &gram in memory : 
a « Select edit mode 

b* In^^.^t coolant commands (usually M08>. 

2. UtiUze manual coolant override for adding coolant 
(at ms>.chin6 as needed). 
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CHECKLIST 



DUTY Setting Up. 

TASK Add coolant commands, 

ENABLER Select edit mode and Insert coolant command, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student whil 
using the coolant command* 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected program* 

- Changed to the edit mode. 

- Selected stepi compatible to the 

coolant* 

- Inserted the coolant mode* 

- Matched coolant rates to cutting 

variables* 

- Checked the program for completeness* 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #51 

TASK: Alter speed/feed commands* 

STANDARD OF PERFORMANCE OF TASK: 

Feedrate and spindle rpm values must be displayed 
or otherwise indicated as an increase or decrease 
on control. 

SOURCE OF STANDARD: 

Nume rical Control Ma chining Series* 
Miyanomatic Model CN':-7BC Instruction Manual. 
Ope rating Manual for Cincinnati Milacron 
1985 NC/CAM Guidebook 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC mach i ne too 1 
Cutting too 1 s 
Mach i ne cont ro 1 
B 1 uepr 1 n t 
Workp i ece 

Basic machining skills 

Manufacturer* s operat ing/ programming manual 
ENABLING OBJECTIVE: 

1. Calculate cutting speeds for material used by 
mach 1 ne. 

2. Calculate cutting depth and operation limitations of 
machl na. 

3. Determine ma chine speeds/feeds as "off or on speed" 

4. Correct program if "off speed" In noted. 

•RESOURCES: 

1. Wl 1 1 lam Luggen. Fundamentals of Nuaerleal Control. 
Delmar Publishers, Inc., Albany, NY, 1984. 

2. Pusztai and Sava. Comou ter Numer i ca 1 Con t ro 1 . 
Reston Publishing Co, Reston, VA, 1983. 

3. James Childs. Numerical Control Part Programnit ng. 
Industrial Press Inc., New York, NY, 1973. 

4. James Childs. Principiaa of Nume r 1 ea 1 Cont ro 1 > 
Thi rd Ed! t ioT^. Industrial Press Inc., New York, 



NY, 1982. 
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EKLC 



TEACHING ACTIVITIES: (cont,) 



5. American Machinist, Numer leal Control Ma chining 
St i ei > Beckworth and Associates, Cleveland, 

OH , 1978. 

6. Modern Machine Shop. 1984 NC/CAM Guidebook . 
Gardner Publications, Cincinnati, OH , 1984. 

7. Manufacturer's operating manual. 

8. Manufacturer's programming manual. 

9. Checklist - Alter feed/speed commands. 

TEACHING ACTIVITIES: 

1. Present lecture on procedures for altering speed/ 
feed commands ( « 1 , 2, 3, 4, 5, 6, 7 & 8) 

2. Discuss and demon s trate how to calculate cutting 
speed for materials being used. 

3. Discuss coolant requi remen ts for materials a'ld 
cutters and how it affects feedrate and spinile 
speed. 

4. Discuss how to identify incorrect cutting speeds. 
5 » Demon s trate how to change/correct cutting speeds. 

6. Assign student a CNC machining and a list of feed/ 
speed rates . 

7. Instruct student to altcfrx thi^ feed/speed commands 
in order to alter machine feed/speed rate. 

CRITERION-REFERENCED MEASURE: 

The student will identify current feed/speed rate, the 
new feed/speed rate and alter the feed/speed command to 
compensate for the change. 

PERFORMANCE GUIDE: 

1. Determine amount of feed and spindle rpm increase or 
decrease. 

2. Enter new spindle speed value into machine control 
iteffjt manufacturer's operating/programming manual 
for specific machine tool options available. 

a. Adjust spindle speed with variable speed control 
hand wheel (a specific ma chine tool option), or 

b. Ad Just feedrate with control know on control. 

3. Observe ma chine control for verification of new 
speeds/feeds . 
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CHECKLIST 



DUTY Setting Up. 



TASK Alter speed/feed commands . 



ENABLER Calculate cutting speeds for ma terial used bv 
mach 1 ne. 

STUDENT V.V NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student while 
calculating cutting speeds. 

PERFORMANCE DrITERM I NANTS YES NO 
The preparer 

- Calculated the cutting speeds. 

- Calculated the cutting depth. 



- Determine that the operations were 
remaining within the machine limits. 

" Observed that the ma chine cuts we re 
within the cutting speed/feed limits. 

- Corrected the cutting speed, if 
neces sary . 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #52 

TASK: Update programs stored in bubble memory. 

STANDARD OF PERFORMANCE OF TASK: 

CRT must register new programs on screen. 
Machine operating in dry run roust run new 
program after update. 

SOURCE OF STANDARD: 

Writing Team of Incumbent Workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC with bubble memo ry 
Par t program 

Manufacturer's operati ng/p r ogramm i ng manua 1 
ENABLlriG OBJECTIVE: 

1. Operate CMC machine with bubble/buffer memory. 

2. Edit and alter old program without losing the 
original program. 

3. Extract program and ioad. 

4. Check program by dry run, sceen display, or pen 
plot. 

••RESOURCES: 

1. William Luggen. FundAmgn tais of Numerical Control. 
Del mar Publiihert, Inc., Albany, NY, 1984. 

2. James Childs. Numflrtcal Control Part Programming, 
industrial Press Inc., New York, NY, 1973. 

3. James Childs. PrtnciPlei of Numerical Control. Thii-d 
Edi t Ion . Industrial Press Inc., New York, NY, 1972. 

4. Manufacturer's operating manual. 

5. Manufacturer 's programmi ng manual . 

6. Checklist - Update program in memory. 

TEACHING ACTIVITIES: 

1. Present lecture on the purpose of bubble/buffer 
memory s torago. 
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TEACHING ACTIVITIES: 



(con t. ) 



2. Discuss ways to utilize bubble/buffer memory storage 
on CNC machines. 

3. Discuss and demonstrate how to recall and load a 
program. 

4. Discuss how to edit and load a program without 
losing the original program. 

5. Discuss and demonstrate verifying the program by 
dry run, screen display, or pen plot. 

6. Discuss and demonstrate the removal of change/ 
alteration from the program. 

7. Discuss verifying original program for original 
content and discuss re-saving the program in memo ry 
s t orage. 

8. Instruct student to update a program currently 
stored in a bubble/buffer memory. 

CRITERION-REFERENCED MEASURE: 

Th^ student will recall a program from the memory 
storage, update the program with indicated alterations, 
and resave the prt^gram back to memory s tor age. 

PERFORMANCE GUIDE: 

1. Load stored program from bubble memo ry to active or 
s tat ic memory. 

2. Edit program as described in the programminig 
and operators manual. 

3. Re-save program in bubble memory, 
s. Check program changes by: 

a. Using dry run. 

b. Using screen. 

c. U& i ng pen plot. 

NOTE; Machine tool options available will 
determine the method used by che operator as well 
as established shop procedure by the employer. 




CHECKLIST 



DUTY Setting Up, 

TASK Update programg stored in bub ble memory, 

ENABLER Operate CNC machine with bubble /buffer memory. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student whil 
using the bubble memory. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Powered up the CNC with the bubble. 

- Gained access to the bubble menu 

and selected the program. 

- Edited the program. 

- Entered and loaded the program for 

operation. 

- Checked the program (dry run etc.). 

" Resaved the program into the bubble 

to maintain the program. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #53 

TASK: Complete machine tool safety setup. 

STANDARD OF PERFORMANCE OF TASK: 

Accidents must not occur when ma chines are in 
operation from i ncomp late safety setup. Machining 
operations must meet OSHA standards for safety. 

SOURCE OF STANDARD: 

Writing team of i ncumben t wo r ke r s . 
Operating Manual for Cincinnati Milacron. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 
Safety shoes 
Safety glasses 

Manufacturer's specific ma chine tool manual 



ENABLING OBJECTIVES: 



1. Assemble and use all needed safety equipment. 

2. Identify and place all guards, shields, barriers, 
covers, and safety devices on the machine. 

3. Meet and maintain all OHSA standards for machine, 
work area, and operator. 



« RESOURCES: 



1. Ui 1 1 iam Lu28en« Fundamentals of Numerical Control, 
Delmar Publisnars Inc., Albany, New York, 1984. 

2. Operating Mv^ual For Cincinnati Milacron. Heald 
Machine Division, Cincinnati Milacron-Heald 
Corporation., Wok^oefi^r, Massachusetts, 1984. 

3. Numer t oa 1 Con t r o t Sv s tems . Bendix Industrial Control 
Division, DynaPath Systems Inc., Detroit, Michigan, 
1983. 

4. OSHA Safety Standards . U.S. Department of Labor, 
Washington, D.C., 1984. 

5. Ma chine operator manual. 

6. Checklist * Safety perfo rmance. 

7. Worksheet * Safety equipment. 




TEACHING ACTIVITIES: 



!• Read and interpret safety section in operator 
iicanua 1 • ( » 5 ) 

2, Present lecture on safety regulations, equi pmen t / 
devices, and p rocedu re s • ( « 1 , 2i 3, & 5) 

3, Instruct students completr a atety Equipment 
Identification UorA:\det«(»£) 

4, Assign students to write thr? <|Uestions they wish 
answered concerning safety rec^u 1 at i ons , equipment/ 
devicestandprocedures. 

5, Conduct class discussion on safetiy regulations, 
equipment/devices, and procedures, 

6, Instruct students to complete a worksheet identifing 
safety guards, shields, and other protective devices 
on the machine. (»5&7) 

7, Ii;struct students to complete a machine tool safety 
setup, using the Safety Performance Check list ^s an 
evaluation guide. («5 & 6) 



CRITERION-REFERENCED MEASURE: 



The student will assemble and use all required safety 
equipment and check and secure all safety guards, 
shields, and other protective devices on the machine. 
The student will also insure that the machine and work 
area meet OHSA safety standards before machine 
operation. All items on the Safety Performace Checklist 
must be approved by the instructor. 



PERFORMANCE GUIDE: 



1. Place safety guards, shields, barriers, covers, and 
protective devices on machine. 

2. Set up workpiece with clearanp«( standards from 
cut t ing tool • 

3. Stop spindle and slide when measuring workpiece. 

4. Retract workpiece a safe distance from cutting tool 
when loading and unloading. 

5. Remove chips and grit with a chip rake or brush 
(not your hands). 

6. Clear ma chine tools and table edge out of path of 
mov ing units 

7. Operate ma chine control panel without reaching over 
or though machine. 

8. Listen for excessive vibration or unusual sounds 
f rom ma^^h i ne. 

9. Turn master disconnect to OFF position before 
cleaning machine. 

10. Shut off power whenever leaving machine area(if 
required). 

NOTE: Wear safety glasses and shoes. 
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STUDENT WORKSHEET 



Student Name 



SAFETY EQUIPMENT WORKSHEET 



Complete the worksheet by filling in the safety equipment needed to 
protect you from each safety hazard listed. 



SAFETY HAZARD SAFETY EQUIPMENT 

!• Sharp edges. ^ 

2. Exposed moving parts 

3. Build-up of grit & chips 

4. Flying metal chips 

5. Oil or grease build-up 

6. Objects falling on floor 

7. Excessive noise 

8. Objects falling from ibove _^ 

9o Horse play ^ 

10. Dangerous areas 
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STUDENT WORKSHEET ANSWERS 



SAFETY EQUIPMENT 

!• Gloves 

2« GuardSy shlelds» covers^ ect* 

3. Chip rake or brush 

4« Safety glasses or face shield 

5. Degreaslng agent 

6* Safety shoes 

7. Ear plugs 

8. Hard hat 

9« Common sense 

10* Safety zones and signs 
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CHECKLIST 



DUTY Setting Up. 



TASK Complete machino tool safety setup. 



ENABLER Assemble and use all needed safety equipment 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student 
while completing machine tool safety setup. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Utilized all the safety devices. 

- Noted any missing devices. 

- Set up the workplace with clearance. 

- Stopped the machine for measurement. 



- Provided clearance when loading/ 
un 1 oad i ng . 

- Used the chip removal tool. 

- Cleared tools away from all moving 
parts. 

- Operated the control without reaching 
th rough. 

- Watched for abnormalities. 

- DiSxionnected the ma star before 
cleaning. 

Powered down the ma chine before 
leaving. 

- Wore safety clothes and glasses. 
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TEST ADMINISTRATORS INFORMATION 



JVTY SETTING UP 

TASK Complete machine tool safety aetup 

ENABLER Identify and Initiate a&fetv cond itiona and 
procedures necessary for machi ne tool safety 
setup, 



Test Envi ronment/Stat Ion Set Up: 

- Use a work environment with a cnc machine. 

- Have a cnc machine with safety hazards available 
(have the safety hazards Identified prior to testing). 

- Have all necessary safety too 1 s /equ I pmen t avsMable but 
not as semb 1 ed. 

Use checklist for evaluation purposes. 



Suppliesi Equipment and References needed before test: 

- Wor ks ta t i on 

- CiMC Machine 

- Safety Equipment 

- Safety Tools, Guards, Shields, ectr 

- Operator/Reference Manual (Safety Sect I on) 

- Performance Evaluation Checklist 



Time allowed to perform test: 

- 120% of flat t ime rate. 

Time spent gathering tools and equi pmen t Is not part of 
test t ime. 

- Time spent reading direcL'Ions is not part of test time. 



Special Instructions for Administering the Test: 

- Use the checklist to evaluate the student. 

- Observe the student procedure thoughout the test. 

- Verify the student has read the directions and gathered 
tools/equipment before starting to time them. 

- Record starting time and comp letion time on checklist. 
Record total time on task, on checklist. 

- M&ke sure all tools and equipment are in working order 
be fore administering test. 

- Identity safety hazards prior to administering test. 
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C /iDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #5 4 

TASK: Verify workpiece detail identification number. 

STAMDARD OF PERFORMANCE OF TASK: 

IC9r t i f icat ion number on each detail must agree 
W:-. identification number on blueprint. 

SOURCE OF STANDARD: 

■Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Blueprint 

P i ecB par t detail 

Re vision sheet (if appropriata) 

ENABLING OBJECTIVES: 

1. Match part detail to bluerr]n!t. 

2. Match detail identification number to blueprint. 

3. Observe for error and if error is observed, 
be able to eliminate incorrect data. 

4. Make correction on revision sheet. 

"RESOURCES: 

1. W.C. Brown. Blueprint Read in g For Industry , 
Goodheart- Wiloox, South HoHand* 1983. 

2. Roger Bolz. Production Froaess: TLe J^r oduc 1 1 v i tjy 
Handbook. 5th Edition, Industrial Press Inc., 
New York» Ny, 1981. 

3. Manufacturer's programming manual. 

4. Manufacturer's operating manual. 

5. Checklist - Identification numbeer. 

TEACHING ACTIVITIES: 

1. Present a lecture on the purpose of a workpiece 
identification number. (»1,2>3 & 4) 

2. Discuss and demonstrate matching part detail numbers 
to master blueprint. 
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TEACHfNG ACTIVITIES: (cont.) 



3. Discuss cross checking i dton t i f i ca t i on numbers on 
part detail with blueprint. 

4. Identify all errors or differences and eliminate 
incorrect identification numbers. 

5. Discuss reviewing revision sheet make up and dis- 
position c 

6 • Damon s tr«^te verifying workpiece identification 

numbers on all paper work, programs and piece part 
storage bins. 

7. Assign student a workpiece blueprint, documentation, 
part progra!7H and a finished workpiece product. 

8. Instruct student to verify the workpiece detail 
identification number. 

CRITERION-REFERENCED MEASURE: 

The student will identify the workpi^^ce detail 
identification number and verify the nuidber on all 
documentation, corputer programs, and piece part storage 
bin. 

PERFORMANCE GUIDE^ 

1. Match blueprint to Job tA-proc©3s, 

2. Compare eajh piece par de^ 1 n jen t i f 1 ca t i on number 
with blueprint detail ic:^.. .l^^nation number and 

rev i s 1 on number. 

3. Place workpiece identification number on all i^apor 
worK, computer prograsns, and piece part etorrige 

b ^ ns . 
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CHECKLIST 



DUTY Setting Un. 



TASK Varlfv vforknlece detail t deJLtJ^f t cat I on number . 

ENABLER Match detail Identification number to blueprint. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME ; STARTED COMPLFTtlL^ . 

TOTAL 



DIRECTIONS TO THE EVALUATOR : 

Use the following checklist to evaluate the student while 
matching identification numbers. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Select piece detail. 

- Displayed confidence in the selection. 



- Extrac'jed the tool data from the 
piece deta i 1 . 

- Made a comparison of the tool to 
the Identification number;. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE »55 



TASK: Verify type of material of workpiece. 



STANDARD OF PERFORMANCE OF TASK: 



Type of material marked on each detail must agree 
with type of material s hown on blueprint. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



Blueprint 

Piece part detal 1 

Operator' s set-up sheet 



ENABLING OBJECTIVES: 



£. Identify workpiece mat^iial com^-o? i 1 1 on prior to 

ma chine operation. 
2. Identify stock material size to over/under size. 



«RESOURCES: 



1. W.C. Brown. Blueprint Reading For Industry. 
Goodheart-UilcoXy South Holland, 1983. 

2. Ul 1 1 iam Luggen. Fundamentals of Numerical Control 
Delmar Publishers, Inc., Albany, NV^ 1984. 

3. Turning Handbook of High Efficiency Matal Cutting^ 
Carboloy System Department, Detroit, MI. 

4. Milling Handbook of High Efficiency Metal Cutting. 
Carboloy system Department, Detroit, MI. 

3. Manufacturer's programming manual. 

6. Manufacturer' 8 operating manual. 

7. Material/tool cutting speed reference charts. 



TEACHING ACTIVITIES: 



1. Present a lecture on dirferent types of workpiece 
materials. (»1,2,3,5,6 & 7) 

2. Discuss comparing opi^rator set-up sheet to part 
detail/blueprint for correct workpiece material 
data. 
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TEACHING ACTIVITIES: (cont.) 

3. Discuss and demonstrate how to identify part row 
stock material and proper workpiece size (not over 
or under s i zed ) . 

4. Di^monstrate how to identify part material during wet 
run and verify with type listed on blueprint. 

5. Discuss and demonstrate how to identify type of 
material notation and use it for a basis for 
determining cutting and feedrate speeds. 

6. Assign student a workpiece blueprint or operators 
set-up sheet. 

7. Instruct student to identify» locate and verify the 
type of material needed to machine the piece part. 

CRITERION-REFERENCED MEASURE: 

The student will ide/^tify the type and size of the work- 
piece material to be used and verify it against the 
workpiece material and size must meet all Job 
specifications. 

PERFORMANCE GUIDE: 

1. Match blueprint to Job in-process. 

2. Compare type and size material of each detail with 
type of material shown on blueprint and/or 
operator' s set-up sheet. 

3. Verify type of material : )tation to be used as basis 
for detei-nining cutting and feedrate speeds. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #56 

TASK : Establish tolerance require me nt. 

STANDARD OF PERFORMANCE OF TASK: 

Piece part details must conform to tolerance as 
established on the blueprint. 

SOURCE OF STANDARD: 

Writing team of incumbe'at workers. 
Advanced Ma chine Technology. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Gauge 

Blueprint/part print 
Set-up sheet/tool ing sheet 
Prof i lometer (when necessary) 

NG OBJECTIVES: 

1. Match b uep r i n i /da t A i 1 to job in progress. 

2. Make adjustments for cutter compensation and 
length/offset. 

3. Measure workpiece after machining process to 
toleranca established on the blueprint. 

4. Verify maintenance of tolerance standards. 

« RESOURCES: 

1. Wi 11 ian Luggen. Fundamentals of Numerical ContrQit 
Delmar Publishers, Inc., Albany, NY , 1984. 

2. Pusztai and Sava. Compu t e r Nume rigal Control. 
Reston Publishing Co., Reston, VA , 1983. 

3. James Chi Ids. Numerical ConLral Pajrt Program. 
Industrial Press Inc., New York, NY , 1973. 

4 . J amef ch i I ds . Pr i nc i p 1^^ of Numer teal Con t ro 1 . 

Third Edition. Industrial Press Inc., New York, 
NY, 1982. 

5. Thomas 01 i v i o. Advanced Machine Technology , 
3renton Publishers, Belmont, CA , 1982. 

6. Checklist - Establish tolerance requirements. 



tool 
verify 
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TEACHING ACTIVITIES: 



1. Present a lecture on procedures for establishing 
tolerance requirements. ( * 1 p 2, 3 p 4 , 5 » 6 » 7 & 8) 

2. Discuss matching a blueprint or part detail to job 
in progress workpiece. 

3. Demonstrate how to adjust machining speed, feedrate. 
c utter compensation and tool lougth as necessary. 

4. Dlsruss sharpening or chc^nging cutter tool if 
conditions warrant. 

5. Present lecture on stoping machine after each 
machine process and measure workpiece to insure 
maintenance rf tolerance standards. 2,3, 4,5, 
6, 7 Sc 8) 

8. Discuss and dj^nonstrate taking workpiece 

measurements using a gauge or prof i 1 ometer . 

7. Assign student a blueprint or partprint and a 
partially ma chined workpiece. 

8. Instruct student to establish if tolerance require- 
ments are being mdt. 

CRITERION-REFER^'CED MEASURE: 

The student will Identify tolerance requirements listed 
on blueprint/partprlnt, and cseasure the ma chined 
workpiece with a gauge or profllometer to establish \f 
tolerance requirements are being met according to job 
s pec i f i ca 1 1 on s . 

PERFORMANCE GUIDE: 

!• Match blueprint to job in-process. 

2. Adjust on machine tool as needed for: 

a. Cjtter compensation. 

b. Tool length compensation or tool offset 
(depending : v^^^^hine tool used). 

3. Measure workpiec-; fter each machining process to 
verify maintenance of tolerance standards: 

a. With gauge. 

b. With ^rotl 1 ometer (when necessary). 
NOTE: A profllometer is used only on surface 
characteristics (how smooth a surface can be) and 
measure in microinches. 
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CHECKLIST 



DUTY Setting Up. 

TASK Establish tolerance requirement, 

ENABLER Verify maintenance of tolerance standard, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student wh 1 
verifying tolerance standards. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Matched the piece detail with the 

blueprint. 

- Extracted the measurement data. 

- Adjusted machine for cutter 

compensation. 

- Measured the workpiece in progress. 

- Maintained safety procedures. 

- Verified the tolerances. 
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GUIDE SHEET 



DUTY: Setting Up 



PERFORMANCE OBJECTIVE #5 

TA:SK! Thread electrical discharge rr.r :hine (EDM). 
iiTANDARD OF PERFORMANCE OF TASK: 



SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC wire electrical discharge machine (EDM) 
Operator's manual for specific machine tool 
Safety shoes 
Safety glasses 
Operator's sat up sheet 

ENABLING OBJECTIVES: 

1. Determine size of w^:e from op ators set up sheet. 

2. Verify w^re guides w.f correct jize. 

3. Feed wire through rci;^".^ and ga^l^es* 

4. Check for malfunction.' b:;fore use. 

^RESOURCES: 

1. Manufacturer's pr ogr amm i ng manua 1 . 

2. Manufacturer' s operating manual. 

3. Checklist - Thread EDM. 

TEACHING ACTIVITIES: 

1. Present lecture on the pur^^ose Jf an 2DM. i*lt2) 

2. Discuss and demonstrate locating required wire size 
from operators work sheets. 

3 . Demon s trate how to load the wire through the guides 
and rollers. 

4. Discuss identifing improper feed and how to correct 
it. 



Wire must feed through machine without 
interference or breakage. 

NOTE: Eye protection must be worn when operating 
mach i nes . 
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TEACHING ACTIVITIES: (cont.) 

5. Discuss returning all changed parts to proper 
storage areas. 

6. Assign the student an EDM and instruct him to change 
the wire to the size indi^f^ated on operator's set-up 
sheet. 

criterion-referencl:d measure: 

The student will Identify the size wire needed, change 
the machine guides and rollers asi needed and thread the 
vfli^^ through the electrical discharge machine without 
I n t<3r ( erence or breakage. The student will wear eye 
protection at all times when operating the electrical 
discharge machine. 

PERFORMANCE GUIDE: 

1. Determine size of wire from operator's set-up sheet. 

2. Change wire guides when wire to be used is a 
different size than the guides on the machine. 

3. Feed wire through machine rollers and guides as 
specified in ma chine operator's manual. 




CHECKLIST 



DUTY Setting Up. 



TASK Thread electrical discharge machi ne (EDM). 
ENABLER Feed wire through rollers and guide. 
STUDENT'S NAME „ DATE 



EVALUATOR'S NAME COURSE 

TIME 5 STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the student 
while threading the EDM. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected the wire size and feed 

through. 

- Changed the guides. 

- Placed the wire through the guides. 

- Set the wire in the feed rollers. 

- Set the wire free of tangles. 

- Followed the operations manual. 

- Followed the safety rules. 

- Wor« f«f«ty clothes. 
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GUIDE SHEET 



DUTY: Operating Machine 
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PERFORMANCE OBJECTIVE #58 

TASK: Turn on power* 

STANDARD OF PERFORMANCE OF TASK: 

Machine control ^^nit lights or indicators must 
respond when svrftch is ON. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Control Machining Series. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine tool 
Con t r o 1 

ENABLING OBJECTIVE: 

1. Located the main disconnect or power switch on a 
ma chine tool, and turn on ^hg pow^r . 

2. Inspect table, quill» and tool drum position for 
possible collision. 

>'k£SOURCES: 

1. Machine tool manufacturer operator*s manual. 

2. Checklist - Power up. 

TEACH INC; .JTlVlTlESi 

1. Read and discuss operator's manual. («1) 

2. Lecture students about input voltage, current, and 
phase requirements for machine tools. (•!) 

3. Discuss safe power up procedures. 

4. Demonstrate* power up by locating disconnect, and 
turning on power. («2) 

5. Instruct students to turn on (power up) a machine 
tool. («3) 

.iTER I ON-REFERENCED MEASURE: 

The student will demons trate his ability to locate 
the power switch on the machine tool. The student 
will analyze safety implications of the power up 
procedure, and turn on a machine tool. 
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PERFORMANCE GUIDE: 



1. Locate roaster control switch on control or machine 
panel. 

2* Position control switch to ON. 

3. Jog machine tool in all directions to make sure that 
all slides move freely. 

4. Check the operation of the coolant pump by 
activating the coolant control s. 

5. Observe control panel for start positions shown on 
d i s p 1 ay . 
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CHECKLIST 



DUTY Operating Machine, 

TASK Turn on n^wer. 

ENABLER Locate the main disco nnect or power switch on 
a machine toQl and tu rn on the power. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 



TIME : STARTED COMPLETED 



TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the "Power up". 



PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted the operator manual prior 

to turning on the power. 



Took all safety precautions prior 
to turning on the power. 



Inspected the table, quill and tool 
drum position for possible 
collision prior to turning on the 
powe r . 



Located and identified all power 
switches, and emergency stop 
twitches. 



Observed control panel for start 
post t ion. 



Successfully turned on machine tool. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #59 

TASK: Call up program in distributed numerical control, 
STANDARD OF PERFORMANCE OF TASK: 

When cycle start is activated, program must be 
available in machine memory to produce workpiece. 

SOURCE OF STANDARD: 

Writing team of i ncumben t wor ker s • 
Principles of Numerical Control, 
1985 NC/CAM Guidebook. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Sof twa r e 

Da ta commun ications system 

Format classification sheet 

Mainframe computer or access to mainframe 

Group of numerically controlled machines 

ENABLING OBJECTIVE: 

!• Identify the name or code number of the desired 
program. 

2, Configure the machine controller to accept program 
from hos t computer. 

3. Call up and verify a program from the host computer. 

•RESOURCES: 

1. Naohine tool manufacturer operator's manual. 

2. Host computer manufacturer's operating manual. 

3. Modern Machine Shop. 1985 KC/C KH Guidm B^^|r, 
CinoinnatI, OH. Gardner Publications. 1985. 

4. James Childs. Prlnoiples of Mum erical Cftnfcr^i . 
Th i rd Ed i 1 1 on. Industrial Press, Inc., New York, 
NY. 1982 

5. Block diagram of DNC in various configurations (bus, 
star, ring). 

8. Checklist - DNC program call and verify. 
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TEACHING 



ACTIVITIES: 



1. Read and Interpret host computer and machine tool 
manufacturer's manuals. (»1 & 2) 

2. Discuss DNC concept and benefits. <»1,2,3, & 4) 

3. Describe Industrial LAN's and computer protocol's. 
( « 1 , 2, 3, & 4) 

4. Demonstrate configuring machine control to accept 
host program. ( »5) 

5. Assign each student a program to be se 1 ec ted. f orm 
the hoi t d I rectory. 

6. Instruct students to download and verify a program. 
(•6) 

CRITERION-REFERENCED MEASURE: 

The student will demonstrate his ability to identify, 
call, load and verify a DNC program. The sutdent 
will evaluate the DNC process as it is applied to 
various machining situations. 

PERFORMANCE GUIDE: 

1. Turn on computer. 

2. Enter code name or number for entering software 
sy s t em. 

3. Call up directory of programs available. 

4. Observe CRT screen for programs available. 

5. Check machine tool operator*s manual, and computer 
systems format classification sheet for specialized 
systems instruct ions. 

6. Enter program (name or number) needed. 

7. Check program in computer: 

a. Check for condition of program. 

b. Contact CNC programmer if program not available. 

8. Prepare machine tool to receive CNC data. (See 
manufacturer's operating manual for specif ic 
instructions. ) 

9. Download data from microcomputer to machine control 
unit. 
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CHECKLIST 



DUTY Operating Machine. 



TASK _gaH UP program In dist ributed numerical control. 
ENABLER Call UP and verify program from h o st computer. 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR : 

Use the performance determinants checklist to evaluate 
the call up, and verification of the program from 
the host computer. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted host computer and machine 
tool manufacturers' manuals for 
proper procedures. 
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- Turned on the computer. 

- Identified and called up the 
assigned DNC program from the 
d i rectory. 

- Checked the operators* manual and 
computer sys terns format classify 

i cation sheets for special i zed 
system Instructions. 

- Loaded the assigned DNC program. 

" Verified loaded DNC program. 

"* Prepared ma chine tool to receive 
CNC data. 

- Downloaded data from microcomputer 
to machine control unit. 

- Successfully loaded the DNC program, 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #60 

TASK: Place tape in reader. 

STANDARD OF PERFORMANCE OF TASK: 

Tape must feed through read head rollers or 
sprocket tooth feeder without interruption, 
tearing, kinking, or binding. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Control Machining Series. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Paper tape or Mylar tape 
Tape reader 
Computer program 
Manufacturer's operating manual 

ENABLING OBJECTIVE: 

1. Understand CNC punched tape format and Identify the 
leading edge of Ihe punched tape. 

2. Locate the tape reader head and load CNC punched 
tape. 

3. Operate the load switch. 
•RESOURCES: 

1. Machine tool manufacturer's operator's manual. 

2. William Luggen. Fundam ental of Numerioal Control, 
Delmar Publishers, Inc., Albany, NY. 1984. 

3. James Chllds. Principles of Numer ical Contrfti. 
Thi rd Edl t lQn> Industrial Press, Inc., New York, 

NY. 1982. 

4. James Chllds. Numerical Cantrol Part Prog ramming, 
Industrial Press, Inc., New York, NY. 1973. 

5. Checklist - Load CNC punched tape. 

6. Visual aids - CNC tape format and typical CNC tape 
reader. 

TEACHING ACTIVITIES: 

1. Read and Interpret the operator's manual. (»1) 
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TEACHING ACTIVITIES: (cont.) 



2. Present lecture on punched tape format and loading 
procedures. ( «2, 3, 4 & 6) 

3. Conduct class discussion on punched tape format, and 
loading procedures. 

4. Demonstrate the tape loading procedure. 

5. Assign students dry run opportunities to load tape. 

6. Instruct student to complete tape format worksheet. 
(•7) 

7. Instruct the student to clear the machine registers, 
and select the setup mode. («S) 

8. Instruct student to load a tape in the roader. 
(•5) 

CRITERION-REFERENCED MEASURE: 

The student will be able to identify the tape leader, 
and data portion of the tape. The student will 
demonstrate understanding of the tape loading 
procedure by successfully loading a CNC tape into a 
tape reader. 

PERFORMANCE GUIDE: 

1. Check operating manual before loading tape into 
sy s t em. 

2. Set tape load switch to OFF. 

3. Place tape on reels (or on spools, or between 
reading head and cover). 

4. Place tape In reader. 

5. Check a 1 Ignroen t . 

6. Align tape in guide rollers. 

7. Engage tape with apindle drive pins and clamps. 

8. Press tapu load switch to take up tape slack. 
NOTE; If paper/tape has been wound too tightly to 

load correctly, rewind tape before attempting 
to load into machine. 



LOADING TAPE !N READER - SPOO. T^'PE 




CNC T^PE FGRNA' 
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CHECKLIST 



DUTY Operating Machine. 

TASK Place tape in fpaf^pr. 

ENABLER Locate the tape reader head and load the CNC 
punched tape, 

STUDENT'S NAME 



EVALUATOR'S NAME 



TIME : STARTED 



TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate loading CNC tape 
into tape reader. 



PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted the operator's manual 

for proper loading procedure. 



- Checked the tape load switch to 
insure that it was in the off 
position. 



Identified the tape leader portion 
of the CNC tape identified. 



Checked tape for oil or dirt which 
could cause a read error. 



Placed the tape supply reel o.i the 
supply spindle. 



Threaded the tape though the read 
head. 



Att ached tape to the take"*up '^eel* 



- Engaged and clamed the supply and 
take-up reel to the spindle drive pins. 

- Removed slack in tape 



Completed loading procedure without 
damage to tape. 



DATE 

COURSE 

COMPLETED 
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TEST ADMINISTRATORS' INFORMATION 



DUTY Operating machine. 



TASK Place tape in r pader. 
ENABLER Load CNC punched tape. 



Test Environment/Station Set Up: 

- Workbench with AC power. 

- CMC tape reader . 

- CNC punched tape* 



Supplies, Equipment, and References needed before test: 

- Operator • s manua 1 . 

- Supp ly spoo 1 s . 

- Take-up spool s . 

- Punched tape. 

- Tape spl icer. 

- Tool ki t. 



Time allowed tc perform test: 

- Manufacturer's standard rate times 150%. 

- Time spent gathering materials is not part of the test. 



Special Instructions for Administering the test: 

- Have pre-punched CNC tape available. 

- Have student gather all necessary materials before 
start ing t ime. 

- Use checklist for student performance evaluation. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORr:ANCE OBJECTIVE #61 

TASK: Key-in program on machine. 

STANDARD OF PERFORMANCE OF TASK: 

When operator calls up program by program name, 
CRT screen must indicate verification of program. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC mach i ne tool 

Ca 1 cu 1 a t o r 

Con t r o 1 

Par L' print 

My 1 ar/paper tape 

Manufacturer's operating manual 

ENABLING OBJECTIVE: 

1. Select the proper machine operating mode. 

2. Ider.tify key pad and display screen. 

3. Determine required codes per part print. 

4. Key in (load) a prepared program into machine tool 
memo r y . 

^RESOURCES: 

1. G, M, and S Code Definition Sheet (operator's 
manual ) . 

2. EIA RS-274D Word Address Standard (operator's 
roanu& 1 > . 

3* Machine tool manufacturer's operators manual. 
4. Checklist - Keying-in program 

TEACHING ACTIVITIES: 

1. Read and interpret operator's manual. (»4) 

2. Discuss standard G, M, and S codes. (»1) 

3. Demonstrate machine setup for MDI. («3) 

4. Assign part prints to be programmed using the word 
address format. («2 & S) 
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TEACHING ACTIVITIES: (cont.) 



5. Instruct student to key-in (load) a prepared program 
Into the ma chine tool memory. (^S) 

CRITERION-REFERENCED MEASURE: 

The student will program, using standard word address 
format, the tool path from a part print. The student 
will enter program into the memory of the machine 
too 1 V i a MDI . 

PERFORMANCE GUIDE: 

To create program at the control! 

1. Refer to part print s per i f i ca t i on s . 

2. Assign program numb^^r. 

3. Write manual program for machining sequence 
( i f des I red) . 

4. Enter all Information (See manufacturer's operating 
manual for specific machine tool.) 

5. Edit program for errors. 

6. Run program. 

7. Download and store data: 

a. Disk. 

b. Tape. 

c. Cassette. 

To Kev-l n (load) prepared program: 

1. Identify tape by tape number. 

2. Load program into machine. 

3. Run program: 

a . Off memo ry . 

b. Off tape. 

4. Remove prepared tape for storage. 
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CHECKLIST 



DUTY Qperat 1 ng Mafth i 



ERIC 



TASK Key i n program on machine. 



ENABLER Kev-in (load) a prepared program |nto machine 
too I memory, 

STUDENT'S NAME qaTE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 



TOTAL 



DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate keying in program 
on machine. 



PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Refered to part print specifications. 



Identified tape and located a tape 
by tape number . 

- Loaded program into the machine 
tool memo ry . 

- Ran program from meuiory. 

- Removed and stored proper tape from 
mac h i ne • 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #62 

TASK: Align holding device with machine axis. 

STANDARD OF PERFORMANCE OF TASK: 

When dial indicator needle exhibits no movement, 
fixture must be square and parallel to 
appropr i ate axes . 

SOURCE OF STA'NDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Fixture 

Tool holder 

Dial indicator set 

CNC machine tool 

ENABLING OBJECTIVE: 

1. Zero the dial indicator on the fixture. 

2. Move the X, and Y or Z slide of the machine tool. 

3. Attach and align work-holding device to machine 
tool. 

•RESOURCES: 

1. Machine Tool Manufacturers* Operators' Manual. 

2. S. F. Krar. Technology of Machine Toola, Greg 

DI vis ion/McGraw Hill Book Co. New York, NY. 1984. 

3. James Childs. Numer ical Control Part Programming. 
Industrial Press, Inc., New York NY. 1973. 

4. Checklist - Aligning holding device with machine 
axis* 

TEACHING ACTIVITIES: 

1. Present lecture on machine axis alignment. 

2. Discuss the proper use of the dial Indicator. 

3. Describe placing the machine tool In JOG mode. 

4. Demonstrate alignment procedures. 

5. Assign students to align work-holding devices on 
traditional machine tools. 
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CRITERION-REFERENCED MEASURE: 



The student will attach and align a work-holding 
device to the machine tool. 

PERFORMANCE GUIDE: 

1. Place work-holding device on table. 

2. Align edge of work-holding device with machine axis. 

3. Snug work-holding device down to table. 

4. Place dial indicator in tool holder, collet, or 
arbor. 

5. Place tool holder in spindle. (Does not apply when 
using magnetic base holder). 

S. Place and position dial indicator contact point on 
edge of work-holding device in appropriate axis. 

7. Move table the length of the work-holding device 
in appropriate axis. 

8. Watch indicator dial needle for movemen t . 

9. Adjust work-holding device until dial indicator 
needle remains constant. 

10. Tighten work-holding device to table. 
11> Place dial indicator contact point on edge of work- 
holding dev i ce. 

12. Move table the length of the work-holding device 
in appropriate axis. 

13. Watch indicator dial needle for movement. 

14. Repeat steps 8~13 until dial ndicator exhibits no 
movemen t • 

NOTE: Overtightening of work-holding device will 
cause distortion to workpiece. 
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CHECKLIST 



DUTY Operating Machine, 

TASK Align holding device with machine axig, 

ENABLER Attach and align a work-holding t^pyjce to the 
mach i ne tool, 

STUDENT'S NAME 

EVALUATOR'S NAME 

TIME : STARTED 

TOTAL ^ 

DIRECTIONS TO THE E VALUATOR: 

Use the follow checklist to evaluate aligning holding 
device with machine axis. 

PERFORMANCE DETERMINANTS YES NO 

The prepare r 

- Placed work-holding device on 
mach i ne table. 



DATE 

COURSE 

COMPLETED 



- Aligned the edge of the work- 
holding device with the machine axis. 

- Made the work-holding device snug 
to the table. 

- Placed the dial indicator In the 
tool holder collet or arbor. 

- Placed the tool holder in spindie. 

- Positioned dial indicator contact 
point on edge of work-holding 
device in appropriate axis. 

- Moved the table to the length of 
the workholding device. 

- Adjusted the work-holding device 
until dial indicator needle 
remained constant. 

- Tightened the work-holding device 
to the table. 
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PERFORMANCE DETERMINANTS: (cont.) 



YES NO 

- Followed all steps for each 
appropriate axis. 

- Checked the work-holding device for 
overt i gh t i ng. 

- Made the work-holding device square 
and parallel to appropriate axis. 



ERIC 



196 

211 



GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #63 

TASK: Clamp dial indicator to tool holder. 

STANDARD OF PERFORMANCE OF TASK: 

Dial indicator must remain attached while in 
use. 

NOTc : Dial indicator is a very precise iP3asuring 
instrument, and caution should be used in 
hand 1 i ng. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 
Sp i nd 1 e chucks 
Dial indicator set 

Tool holder (collet, arbor, magnetic base) 
ENABLING OBJECTIVE: 

1. Locate dial indicator and magnetic base as needed. 

2. Select proper mounting accessory. 

3. Position mounting accessory in proper location. 

4. Clamp dill indicator to a machine tool. 

"RESOURCES: 

1. S. Krar & J. Oswald. Technology oi Machine Tools . 
Gregg Division, McGraw Hill Book Co., New York, NY, 
1984. 

2. Manufacturer's operator manual. 

3. Checklist - Clamp dial indicator. 

TEACHING ACTIVITIES: 

1. Read and discu procedures for cleaning, inserting, 
and positioning lounting accessories, or tool 
holders. (»1 & >) 

2. Demonstrate mountl-g dial indicator on traditional 
mach i ne tools. 
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TEACHING ACTIVITIES: (cont.) 



3. Demonstrate clamping dial indicator to CNC machine 
tool. 

4. Discuss machine introduced tolerance errors. (»2) 

5. Instruct student to clamp a dial indicator device 
to a CNC machine tool. (»3) 

CRITERION-REFERENCED MEASURE: 

The student will demonstrate his mastery of mounting 
indicating devices by clamping a dial indicator to 
a CNC mach i ne tool. 

PERFORMANCE GUIDE: 

1. Secure mounting devices (swivels, cam locks, dove 
tail locks, etc.) for dial indicators. 

2. Mount dial indicator into chuck, arbjr, collet, or 
magnetic base holder. 

3. Tighten chuck, collet, arbor, or magnetic base 
holder. 
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CHECKLIST 



DUTY Operating Machine. 



TASK Clamp dial indicator to tool holder. 

ENABLER Clamp dial Indicator to a machine tool 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME t STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate clamping dial 
indicator to tool holder 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Selected a dial indicator and 
magne t i c base. 

- Selected proper mounting accessories. 

- Positioned and secured mounting 

device to ma chine tool. 

- Secured dial indicator in mounting 
base. 

~ Tightened down mounting device. 

~ Used caution in handling dial 
indicator. 



EKLC 



199 

214 



GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #64 

TASK: Change tool holder. 
STANDARD OF PERFORMANCE OF TASK: 

Installed tool holder must remain In spindle. 
SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

Wrenches 
Tool holder 
CNC machine 

Manufacturer' s operating manual 
ENABLING OBJECTIVE: 

1. Locate required hand tools. 

2. Lock all necessary brakes. 

3. Remove and remount a tool holder. 

•RESOURCES: 

1. Manufacturers' operating manual. 

2. Checklist - Change tool holder. 

TEACHING ACTIVITIES: 

1. Read and discuss the tool change procedure described 
In the operator's manual. 

2 . Demon s trate tool change procedure. 

3. Discuss considerations for proper cleaning of tool 
holder surfaces. (»1) 

4. Instruct student to remove, clean, select, and mount 
a tool holder. (»2) 

CRITERION-REFERENCED MEASURE: 

The student will correctly remove, clean, select, and 
mount a tool holder on a CNC machine tool. 
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PERFORMANCE GUIDE: 



Manua 1 1 v : 

1. Engage spindle brake (if necessary). 

2. Place wrench on spindle locking collar. 

3. Loosen lock collar while holding wrench firmly. 

4. Remove tool holder from spindle and place into tray. 

5. Place new tool holder in spindle. 

6. Tighten lock col lar. 

7. Release spindle brake (if necessary). 
Au t oma t i ca I I v t 

1. Follow manufacturer's operating manual to disengage 
tool holder automatically. 

2. Check new holder and spindle for: 

a. Clearness. 

b. Chips. 

3. Load tool holder according to manufacturer's 
operat i ng manua I . 
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CHECKLIST 



DUTY Operatin g Machinp. 

TASK Change tool holdpr, 

ENABLER Rem ove and remount a tool holder, 
STUDENT'S NAME 
EVALUATOR' S NAME 
TIME : STARTED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the changing of a 
tool holder. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Collected the necessary tools and 
equ i pmen t . 

- Engaged the spindle brake. 

- Used the correct wrench to loosen 

the spindle locking collar. 

- Removed tool holder from spindle, 

and placed into tray. 

- Cleaned all dirt, chips, oil and 
foreign residue from holder and 
spindle. 

- Placed a new tool holder placed in 
spindle. 

- Tightened the lock collar. 

- Cleared work area of tools and 
equ i pmen t before releasing spindle 
brake. 

* Released spinUe brake. 



DATE 

, COURSE 

COMPLETED 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #65 

TASK; Change cutting tool. 

STANDARD OF PERFORMANCE OF TASK: 

Cutting tool must be removed and replace with a 
desired cutting tool. Cutting tool must be 
secure ly seated in tool holder. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Wrench 

Tool holder 

CNC machine 

Sharp cutting tools 

Manufacturer's tooling manual 

ENABLING OBJECTIVE: 

1. Visually inspect cutting tool mounted on tool. 

2. Select and install desired cutting tool. 

•RESOURCES: 

1. Manufacturer's operating manual. 

2. William Luggen. Fundament a Is of Numer ical Control . 
Del mar Publ ishers, Inc. , Albany, NY, 1984. 

3. James Childs. Numerical Control Part Programming. 
Industrial Press, Inc., New York, NY, 1973. 

4. Checklist - Change cutting tool. 

TEACHING ACTIVITIES: 

1. Read and discuss procedures for changing cutting 
tool . < »1 ) 

2. Discuss tool wear modes. 

3. Lecture and discuss tool materials, and tool 
geome tries. («2 & 3) 

4. remonstrate tool changing techniques on CNC machine 
tool. 

5. Instruct student to select, and install a new 
cutting tool. («4) 
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CRITERION-REFERENCED MEASURE: 

The student will be able to remove^ replace, and seat 
a cutting tools. 

PERFORMANCE GUIDE: 

When remo ving holder and cutting tool as one unit : 

1. Remove tool holder from machine. 

2. Remove cutting tool from tool holder. 

3. Clean and insert new cutting tool. 

4. Install tool holder with cutting tool in machine. 
(See manufacturer's tooling manual for specific 
instructions.) 

NOTE: Preset tools must be set to correct tool 
height. 

When removing cutting tool from holder (using 
indexable inser ts of a qualified tool): 

1. Leave holder in machine. 

2. Disengage cutting tool from holder. (See 
manufacturer's tooling manual for specific 
instructions. ) 

3. Clean tool holder before inserting. 

4. Insert new cutting tool using manufacturer's tooling 
manual . 

NOTE: Overtightening holder will result in breaking 
insert or stripping out screw 
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CHECKLIST 



DUTY Operating Machine, ^_ 

TASK Change cutting tool, 

ENABLER Select and install desired cutting tool, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the changing of 
cutting tool. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Selected desired cutting tool. 

- Engaged spindle brake. 

- Removed cutting tool from tool holder. 

- Cleaned tool holder of all chips, 

dirt, lubricant, and foreign residue. 

Cleaned the removed cutting tool of 
all chips, dirt, lubricant, and 
foreign lesidue, before returning 

to tray. 

- Inserted the desired cutting tool 

Into tool holder. 

- Determined and set cutting tool 

height. 

- Securely seated cutting tool in 

tool holder. 

- Removed and replaced cutting tool 

without damaging tool or equipment. 
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GUIDE SHEET 



rUTY: Operating Machine. 



PERFORMANCE OBJECTIVE #66 

TASK: Adjust tool offset manually 

STANDARD OF PERFORMANCE OF TASK 5 

The offset adjust me nt must move cutting tool 
amount needed to compensate for tool wear, finish 
cuts, and tool usage. Measurement of finished 
piece part must meet standards set 
by b 1 uep r int. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Control for Two Axis Lathes. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Fixtures 

Safety glasses 

CNC machine 

To o 1 holders 

Tool offset table 

Cutting tools 

Measuring instruments 

Piece part specifications 

Cutting tool sequence numbers 

ENABLING OBJECTIVE: 

1. Evaluate set-up dimension and finish dimensions. 

2. Identify tolerance specification. 

3. Call ur and enter tool offset information into 
tool schedules* 

•RESOURCES: 

1* Manufacturer's operating manual. 

2. Joseph Pusztai and Michael Sava. Computer Numer leal 
Control > Reston Publishing Company, Inc., Reston, 
VA, 1983. 

3. Dynapath System lOT Computer. Numer lea 1 Cont ro i 
for Two Axis LAthea. Dynapath Systems, Detroit, 
Ml, 1984. 

4. Checklist - Manual offset. 
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TEACHING 



ACTIVITIES: 



1. Read and interpret: operator's manual. (•!) 

2. Fill out tool setting data sheets. 

3. Practice calling tool schedules at the operators', 
terminal, and inserting TLO data. 

4. Demonstrate measurement of offset using a mechanical 
height gauge. (»1 & 2) 

5. Instruct student to identify tolerance 
specifications, and manually adjust a tool offset. 
( M) 

CRITERION-REFERENCED MEASURE: 



PERFORMANCE GUIDE: 

!• Measure workpiece. 

2. Determine dimensional deviation from blueprint 
speci f icat ions. 

3. Determine cutting tool responsible for inaccuracy. 

4. Identify tool offset number for cutting tool. 

5. Enter amount of tool offset (in either diameter or 
radius) into tool tables. 



The s tudent will fill 
sheet by measuring fi 
offset within prescri 



out a tool length offset data 
ve tools, and will adjust tool 
bed tolerance values. 
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CHECKLIST 



DUTY Operating Maehtnp. 



TASK Adjust tool offset manually. 



ENABLER Call-UP and an ter tool offset Information 
into tool schedules. 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the manual adjust- 
ment of tool offset. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Measured workplece. 

- Identified tolerance specifications. 



ERIC 



- Determined dimensional deviations 
from blueprint specifications. 

- Identified cutting tool responsible 
for inaccuracy. 

- Identified cutting tool offset 
number . 

- Entered the amount of tool offset 
into tool tables. 

- Made offset adjustments to 
adequately compensate for tool 
wear» finish cuts, and tool usage. 

- Measured the finished work piece. 

- Evaluated the measurement of the 
finished workpiece as to meet the 
blueprint standard. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #67 

TASK: Interpret operator related messages on screen. 

STANDARD OF PERFORMANCE OF TASK: 

The execution of operator advisory message on 
display screen must result in defined procedures 
for maintaining programmed ma chining operations, 
and acceptable quality workpiece as specified on 
b 1 uep r int. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Control for Two Axis Lathes. 
Producer CNC/MC Operator's Guide for Machining 
Center. 

Producer CNC/AF User's Guide for Angle 
Fabricating Systems. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 

Basic ma chining skills 

Processor language 

CRT screen or visual display 

Operator's manue.l for machine tool system 

Format of machine computer system commands 

ENABLING OBJECTIVE: 

1. React to message by performing the desired operator- 
intervs^ntion task as specified by the message code, 
and program instructions. 

2. React to message by immediately modlfyirj the 
machining conditions using manual data input and/or 
system override controls. 

3. React to message by monitoring machining conditions, 
and modifying when program allows. 

•RESOURCES: 

1. Standard G- and Mrcode definition sheets. 

2. Electronics Industry Association Recommended 
Standards #441 and #447, Operator Interface 
Functions of Mu merlcal Con fc ro 1 (RS»-»44 M 
Operational Command and D& ta Format for Numerically 
Control led MAchipftj (RS-447), Washington D.C. 
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3. 
4. 
5. 



Ma chine -Tool manufacturer's operating manuals. 
Visual aids - Utilizing mock control panels.. 
Checklisi: - Interpret operator related messages. 



TEACHING ACTIVITIES: 

1. Read and interpret operator's manual to understand 
typical message displays. (»3) 

2. Present lecture on G- and M-code messages and 
typical control panel displays. (•1,2,3, & 4) 

3. Conduct class discussion on the various types of 
operating-intervention tasks initiated by programmed 
operator messages. 

4. Conduct class discussion on remed ial activities to 
be performed by maintenance and programming 
personnel, when messages relate to excessive 
machine tool operating conoMtions. 

5. Conduct on-machine demonstration of typical operator 
response to message displays. ("1,2,3, & 4) 

6. Instruct students to preview each program; Identify 
programmed and optional stop codes; and identify the 
tasks associated with codes. ("S) 

7. Assign student hands-on operating activities that 
simulate conditions surrounding message displays. 

CRITERION-REFERENCED MEASURE: 



The student will demonstrate knowledge of message 
codes and operator Intervention tasks, by written 
and/or verbal examination. The student will 
demonstrate ability to interpret message displays In 
actual hands-on operating conditions to the satis- 
faction of the instructor. 



View CRT screen during program dry run. 

Observe operator messages in specific sequence of 

operat i ons . 

Follow procedures outlined by machine manual and/or 
programmer guide for executing commands when message 
appears during production of piece part. 



PERFORMANCE GUIDE: 
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TYPICAL CONTROL PANEL 
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CHECKLIST 



DUTY Operating Machtnp, 



TASK Interpret op erator related messages on scre£ 

ENABLER Interpret and react to operator related 

messages on screen. 



STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED ^ COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR : 

Use the following checklist to evaluate the I n ter prertat i 
of operator related messages on screen. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted operator manual for 
operator messages and procedures 
for correcting them. 



- Monitored screen during program 
dry run. 

- Observed operator messages in 
specific sequence of operation. 

- Interpreted and reacted to operator 
mes sages • 

- Followed procedures outlined by 
ffla chine operators' manual. 

- Correct ly i nterpreted and reacted 
to all operator messages. 

" Adequately adjusted offset 

compensation for tool wear, finish 
cut8> and tool usage. 

- Measured finished work piece. 

- Compared the measu reman t of the 
finished workpiece to that of the 
blue print standard. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE »68 

TASK: Control spindle speed override. 

STANDARD OF PERFORMANCE OF TASK: 

Spindle speed must change to desired revolutions 
per minute. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE . OF TASK: 

CNC mac h i ne 

Manufacturer's machine tool operat:or manual 
ENABLING OBJECTIVE: 

1. Increase or decrease the programmed speed rate by 
utilizing the spindle speod override control to 
maintain optimum safety conditions, end maximize 
tool life. 

•"RESOURCES: 

1. Machine tool manufacturer's operator manual. 

2. TqqI and Manufacturing En gineers Handbook. 
Society of Manufacturing Engineers, Dearborn, MI, 
1981. 

3. Methods in Meta l Cutting . Society of 
Manufacturing Engineers, Dearborn, MI, 1981. 

4- Machining Data Haftdbook ^ Third Edition. 

Mach i nab i 1 i ty Data Center, Metcut Research 
association, Cincinnati, OH. 

5. Visual Aid - Utilizing mock control panel, see 
performance objective 67. 

6. Checklist - Control spindle speed override. 



TEACHING ACTIVITIES: 

1. Read and interpret operator's manual. 
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TEACHING ACTIVITIES: (cont.) 



2. Conduct class discussions on various machining 
characteristics of typical materials, explaining 
the spindle speed calculation equation, and 
stressing tool life c.nd economics. 

3. Demonstrate the use of spindle speed override 
controls. ( » 2 ) 

4. Demonstrate to the student where the speed rate 
command resides in the program text, and how to 
ident i fy it. ( •2) 

5. Assign students problems calculating spindle speed 
for several typical engineering materials, using 
reference resources. 

6. Assign students hands-on operating activities that 
simulate conditions requiring spindle speed 

ad j u s tmen t . 

7. Instruct students to machine a typical part 
manually, while deliberately increasing and 
decreasing the speed rate for visual and audible re- 
inforcement of non-optimum machining conditions. 

CRITERION-REFERENCED MEASURE: 



The student will demonstrate his knowledge, and 
manipulation of the spindle speed equation by 
written and/or verbal examination. The student will 
demonstrate his ability to control the speed 
override in actual hands-on operating conditions to 
the satisfaction of the instructor. 



PERFORMANCE GUIDE: 



1. Set spindle revolutions per minute on control to 
position for decrease or increase. 

2. Override program speed until desired speed Is 
obtained, (See manufacturer's ma chine tool operator 
manual for specific control board variations.) 

3. Observe control to verify spindle speed Indicator 
setting. 
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CHECKLIST 



DUTY Operating Machinp, 



TASK Contro l spindle speed override 



ENABLER Increase or decrease t he programmed crp^ej 

rate by utilizing the ^pindie gpeed override 

t i to maintain o ptimum safety conditions 

_and maximize hool life , 



STUDENT'S NAME 



„ DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL ^ 

DIRECTIONS TO THE EVALUATORs 

Use the following checklist to evaluate the control spindle 
speed override. 



PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted the operctor's manual before 

making the spindle speed change. 



- Set spindle speed on a per tool basis. 



- Entered rpm values via the control 
panel. 



Set spindle revolutions per minute 

on control to position for increase or 

decrease. 



- Comp leted override program speed 
until desired speed was obtained. 



Observed control to verify spindle 
speed indicator setting. 



Obtained and maintained desired 
sp i nd 1 e speed . 



- Followed all safety precautions. 



Cancelled spindle speed override 
after the operation was complete. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #69 

TASK: Control feedrate override. 
STANDARD OF PERFORMANCE OF TASK: 

Control must indicate feedrate override mode. 
SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 
Con t ro 1 

ENABLING OBJECTIVE: 

1. Increase or decrease the programmed feedrate by 
utilizing the feedrate override control. 

"RESOURCES: 

1. Machine tool manufacturer's operator manual. 

2* Tool and Manufacturing Engineers Handbook . Society 

of Manufacturing Engineers, Dearborn, MI, 1981. 
3^ Methods in Metal Cutting, gnrtai-y of Manufacturing 

Engineers, Dearborn, MI, 1981. 

Machining Data Handbook. Third Edition. 

Mach i nab i 1 i ty Data Center, Metcut Research 

Association, Cincinnati, OH. 

5. Visual Aid - Utilizing mock control panel, see 
per f ormance objective 67. 

6. Checklist - Feedrate override. 

TEACHING ACTIVITIES: 

1. Read and Interpret operator's manual. («1) 

2. Conduct class discussions on various machining 
characteristics of typical material s, explaining the 
feedrate calculations and stressing surface finish 
and tool life. 

3. Demonstrate the use of feedrate override 
controls. («2) 
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TEACHING ACTIVITIES: (cont.) 



4. Demonstrate to the student where the feedrate 
command resides in the program text, and how to 
identl fy it. 

5. Assign students problems calculating feedrate for 
several typical engineering materials using 
reference resources. (»3,4 & 5) 

6. Assign students hands-on operating activities that 
simulate conditions requiring feedrate adjustments. 

7. Instruct students to ma chine a typical part 
manually, while deliberately increasing and 
decreasing the feedrate for visual and audible 
reinforcement of non-optimum machining conditions. 
(»6) 



CRITERION-REFERENCED MEASURE: 



The student will demonstrate ability to control the 
feedrate override in actual hands-on operating 
conditions to the satisfaction of the instructor. 

PERFORMANCE GUIDE: 



1. Position feedrate override for each tooling 
ope r a t Ion needed . 

2. Observe control to verify override feedrate. 

3. Cancel feedrate override at completion of override 
operation (if necessary). 
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CHECKLIST 



DUTY Operatin g Machine. 



TASK Control feedra te override. 



ENABLER Increase or decrease the progr ammed speedrate 
>?y Utilizing the feedr ate override control. 

STUDENT'S NAME D^TE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR : 

Use the following checklist to evaluate the control 
feedrate override. 



PERFORMANCE DETERMINANTS YES 
The preparer 

- Consulted the operator's manual for 
feedrate change. 



Identified and located the tool to 
be overridden. 



Verified tool number/location at 
the CRT. 



Positioned feedrate override for 
each tooling operation needed. 

Verified override feedrate. 



- Cancelled feedrate override at 
completion of override operation. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #70 

TASK : Ac t i va te au t oma tic cycle mode. 

STANDARD OF PERFORMANCE OF TASK: 

Machine must run entire program or b 1 ock-by-b I ock 
execution of program without interruption or 
operation intervention. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Machining Centers Operator's Training Guide. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 
Control 

ENABLING OBJECTIVE: 

I. Determine that all set-up conditions are complete, 
Including: 

Fixture attachment, part Installed correctly In 
fixture, program loaded Into memory, correct cutting 
tools preset and Installed. 



•RESOURCES: 



1. 
2. 



3. 

4. 

5. 



Machine tool manufacturer's 
Puszval and Sava. Comp 1 e te 
Contrci . Reston Publishing 
Res tiTin, VA. 1983. 
Visual aids - Utilizing mock 
see performance objective 67 
2-D computer-driven plotter. 
Checklist - Set-up model. 



operator manua 1 . 
Nume r I ca 1 
Company, I nc. , 

control panels, 



TEACHING ACTIVITIES: 



1. 
2. 



3. 



Read and interpret operator's manual. (»1) 
Present lecture on all set-up conditions that must 
be checked before activating automatic mode. 
(»1 & 2) 

Instruct students to create a set-up checklist for 
each machine they are to operate* 
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TEACHING 



ACTIVITIES: (cont, ) 



4. Demonstrate checking set-up of all oper a t o r- r e I a t ed 
equ i pmen t • 

5. Demonstrate plotter usage to verify tool-path 
motion. ( » 3 ) 

6. Instruct students to review a typical coded program 
and reconcile it with a cutter-path plot that they 
have made of the program. 

7. Instruct students to complete hands-on operating 
activities leading to, and including activation of 
automatic mode. (»7) 



CRITERION-REFERENCED MEASURE: 



The student will create a set-up checklist for each 
machine to be operated, explain the activities of 
checking the set-up in written or verbal examination, 
explain the tool-path motion determined from the 
coded program and tool--path plot, and will 
demonstrate actual hands-on activities leading to, 
and including activation of automatic mode to the 
satisfaction of the instructor. 

PERFORMANCE GUIDE: 



1 . Powe r up control. 

2. Find zero point for all axes (if necessary). 

3. Verify program number. 

4. Search for appropriate safe-start up location. 
(This often relates back to beginning of program.) 

5. Set control to automatic cycle mode of single block 
mode. (See manufacturer's operating guide for 
specificinstructions.) 

6. Press "cycle stai t". 

7. Observe control to verify automatic mode. 
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CHECKLIST 



DUTY Operatin g Machine. 



TASK Activa te automatic cycle mndp. 



ENABLER Set machine to automatic cycle mode and 
act 1 va te. 

STUDENT'S NAME D^TE 



EVALUATOR'S NAME COURSE 

TIME t STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE ^VALUATOR: 

Use the following checklist to evaluate the setting machine 
to automatic cycle mode. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Powered up control. 

" Found the zero point for all axes. 

- Verified the program number. 

- Found a safe-start up location. 

- Set control to auto ma tic cycle mode. 



- Activated automatic cycle code 
con t ro 1 . 

" Verified the automatic cycle mode 
activation at the control. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #71 

TASK : Interrupt automatic cycle mode manually. 

STANDARD OF PERFORMANCE OF TASK: 

Automatic cycle mode must be interrupted when 
stop button is activated. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine 
Con t r o 1 

Manufacturer's operating manual 
ENABLING OBJECTIVES: 

1. Identify conditions that will result in interrupti< 
of the automatic cycle. 

2. Activate the correct control. 

•RESOURCES: 

1. Pusztai & Sava. Computer Numer i ca 1 

Cpn t rp 1 * Reston Publishing Company, Inc., 
Reston, VA, 1983. 

2. Machine tool manufacturer's operators manual. 

3. Visual aids - Utilizing mock control panels, 
(see objective # 67) 

4. Checklist - Interrupting automatic cycle mode. 

TEACHING ACTIVITIES: 

1. Read and interpret operators manual. (»2) 

2. Present lecture on " f i r s t - r un " or "proofing" 
conditions that typically would require a block-by- 
block execution in automatic mode. (»1 & 2) 

3. Present lecture on machining or setup conditions 
that typically require activation of the feed- 
hold control, 

temporarily interrupting the automatic 
eye I e. ( « 1 & 2) 
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TEACHING ACTIVITIES! (cont.) 



4. Discuss emergency conditions that typically woulu 
require activation of the erne rgency- s top control, 
stopping all machine feeds and spindle motion. (-S) 

5. Demonstrate activation of auto-block, hold, and 
emergency stop. 

6. Assign students hands-on operating activities that 
require activation of auto-block, hold, and 

eine rgency stop. 

7. Instruct student to interrupt automatic cycle mode 
manua 1 ly . ( «4 ) 



CRITERION-REFERENCED MEASURE: 



The student will demonstrate knowledge of conditions 
requiring the Interruption of an automatic cycle, and 
the proper Interruption action to be taken, by written 
and/or verbal examination and will demonstrate the 
ability to Interrupt the automatic cycle correctly in 
actual hands-on operating conditions to tha satisfaction 
of the Instructor. 

PERFORMANCE GUIDE: 



Note: Operator must consider the machining process to 
determine which of the following methods will be used 
to Interrupt the automatic cycle mode. 

1. Switch from automatic cycle mode to single block 
mode. (See manufacturer's operators/programmers 
manual for specific Instructions.) 

2. Activate feed hold on control. (See manufacturers 
operators/programmers manua 1 for specific 
Instructions). 

3. Execute emergency stop. 
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CHECKLIST 



DUTY Operating Machine. 

TASK Interrupt au tomatic cycle mode manually. 

ENABLER Identi fy conditions that will result in 
interruption of the au tomatic nvcle and 
activate the c orrect control. 

STUDENT'S NAME 
EVALUATOR'S NAME 
TIME : STARTED 
TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate interrupting 
automatic cycle mode manually. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Reviewed manufacturer's operators 
manual. 

- Activated automatic cycle mode. 

- Switched automatic cycle mode to 

single block mode. 

- Activated feed hold. 

- Executed an emergency stop. 



DATE _ 

COURSE 

COMPLETED . 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #72 



TASK: Set manual mode control. 
STANDARD OF PERFORMANCE OF TASK: 



Control must indicate that manual mode is in 
ope ra t ion. 

SOURCE OF STANDARD: 



Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC mach i ne tool 
Con t r o 1 

Manufacturer's operating/programming manual 
ENABLING OBJECTIVES: 



1. Identify conditions that would result in setting the 
control in manual mode. 

2. Activate the manual mode control. 

•RESOURCES: 



1. Machine tool manufacturer's operators manual. 

2. James Childs. Principles Numer i ca 1 
ControK Third g dltion. Industrial 
Press, Inc., New York, NY. 1982. 

3. Visual aids - Manual mode control panel and Mock 
control panel, see performance objective 67. 

4. Checklist - Setting manual mode control. 

TEACHING ACTIVITIES: 



1. Read and Interpret operator's manual. (»1) 

2. Present lecture on set-up conditions that typically 
would require a mode-control change from automatic 
or block-by-block. (•! & 2) 

3. Demonstrate activation of manual mode setting. 

4. Instruct students to complete hands-on operating 
activities that require activation of manual mode. 
(•4) 
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CRITERION-REFERENCED MEASURE: 



The student will demonstrate knowledge of conditions 
requiring the activation of mode control to "manual*' 
mode by written and /or verbal examination, and will 
demonstrate the ability to activate manual mode in 
actual hands-on operating conditions to the 
satisfaction of the instructor. 

PERFORMANCE GUIDE: 

1. Stop program. 

2. Clear entry on control. 

3. Select manual mode on control. (Refer to manu- 
facturer's ope r a t i ng/ p r o g r amm i ng manual for codes 
and program format . ) 

4. Observe control to verify entry of manual mode. 
Note: Never switch to manual mode vhile machine is 

running program. 
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TYPICAL MANUAL MODE CONTROL 
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CHECKLIST 



DUTY Operating Machine. 



ERIC 



TASK Set manual mode control 



ENABLER Activa te the manual mode control. 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate activation of the 
manual mode control. 

PERFORMANCE DETERMINANTS YES NO 

The prepaier 

- Reviewed manufacturer's operating/ 

programming manual. 



- Stopped the program. 

- Cleared entry on control. 

- Selected manual mode on control 

- Selected manual mode while a 
program was running. 

- Verified manual mode entry at 
con t ro 1 pane 1 . 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #73 

TASK: Set cycle modifiers. 

STANDARD OF PERFORMANCE OF TASK: 

Program operating sequence must reflect all edit 
entries (cycle modifiers). Modification of 
machining process must correspond to piece part 
tolerances and dimensioning specified on 
blueprint. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine tool 
Con t r o I 

Manufacturer's operating manual 
ENABLING OBJECTIVES: 

1. Identify programming code that will require 
modification based on the operator's experience, or 
observation of ma chining conditions. 

2. Enter the modifications into the computer-stored 
program, or create new input medium (tape) with 
modifications added to original program. 

3. Evaluate subsequent machining operations for further 
modi f y Ing. 

^RESOURCES; 

1. Machine tool manufacturer's operators manual. 

2. Manufacturer's programming manual. 

3. Summary of edi t ing commands provided by the 
manufacturer of the data-entry terminal (if using a 
remote term! na 1 ) . 

4. Pusztai and Sava. Computer Numerical Contrcl . 
Reston Publishing Company, Inc., Reston, VA./ 1983. 

5. Checklist - Selecting cycle modifiers. 
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TEACHING ACTIVITIES: 



1. Read and interpret operator's and programming 
manua 1 • ( • 1 & 2 ) 

2. Present lecture on how to interpret pertinent 
G-codes and machine cutting motions where modifying 
may be needed. («ly2y 3 & 4) 

3. Present lecture on how modifications are to be made 
utilizing the ma chine tool controller or remote 
terminal. (»1,2,3 & 4) 

4. Demonstrate operation of the editing features of 
the cont r o 1 1 er . 

5. Demonstrate operation of the editing features of 
the remote terminal. 

6. Assign students hands-on activities that si mu late 
conditions that require modification. 

7. Instruct student to select and Initiate a cycle 
modification. (»7) 

CRITERION-REFERENCED MEASURE: 

The student will demonstrate his knowledge of selecting 
and entering modifying commands by written and/or 
verbal examination, and will demonstrate the ability to 
select and enter modifying commands In actual hands-on 
operating conditions to the satisfaction of the 
instructor. 

PERFORMANCE GUIDE: 

1. Determine program modifications needed for running 
programs^ 

2. Enter commands for selected option, mode, or 
condition. (Use operator's manual from machine tool 
manufacturer for detailed procedures.) 

3. Observe control for edit entries display. 
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CHECKLIST 



DUTY Operating Machine. 



ERIC 



TASK Set cycle modi f i prg 



ENABLER Identify programming code that will require 

modification based on the ooerator^s 

experience, or observation of ma chining 

conditions, 

STUDENT'S NAME ^ DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 



TOTAL 



DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate setting cycle 
mod if i e r s . 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Reviewed manufacturer's operating 
and programming manual. 



- Identified available cycle modifiers. 

- Determined the needed cycle modifiers 

" Entered command s for selected cycle 
mod i f i e r s . 

- Verified the cycle modifier entry 
at the control panel. 

- Made the cycle modification of 
machining process correspond to 
piece part tolerances and dimensions. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #74 

TASK: Set manual feed/Jog mode. 

STANDARD OF PERFORMANCE OF TASK: 

Control must indicate position and distance of 
axes movement by manual feed/Jog mode. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Numerical Control Machining Series. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC mach i ne tool 
Con t r o 1 

Basic machining skills 
ENABLING OBJECTIVES: 

1. Position machine table, or cutting tool, into a 
predetermined location using manual feed/jog 
controls. 

•RESOURCES: 

1. Machine tool manufacturer's operators* manual. 

2. American Machinist. Numerical Control Ma chining 
Sgr tg|* Beckworth and Associates, Cleveland, 
OH. 1978. 

3. Visual aids - Utilizing mock-up of control panel, 
see performance objective 67 

4. Checklist - Selecting manual feed/jog. 

TEACHING ACTIVITIES: 

1. Read and interpret operator's manual. (•!) 

2. Present lecture on when to use the manual feed/jog 
mode during set-up. («1,2 & 3) 

3. Demonstrate the operation of the manual feed/jog 
feature and system override controls. 

4. Assign students hands-on lab activities that require 
selection and activation of manual feed and jog. 

5. Instruct student to select and activate manual feed 
and jog. («4) 
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CRITERION-REFERENCED MEASURE: 



The student will demoi.s t ra te his knowledge of selecting 
and activating the manual feed/jog control feature by 
written and/or verbal examination, and demonstrate 
the ability to select and use the manual feed/jog 
feature In actual hands-on operating conditions to the 
satisfaction of the Instructor. 

PERFORMANCE GUIDE: 

!• Stop program. 

2. Clear entries on control. 

3. Position axis to allow manual movement. 

4. Turn manual feedrate override switch to desired rate 
at which axis travel will occur. 

5. Observe work area for objects In axis travel path. 

6. Move In the direction of axes travel path. (See 
manufacturer's ope r a t i ng/ p r og r amm I ng manual for 
specific Instructions.) 

7. Operate machine to stop machine when desired 
1 oca t I on Is reached . 

8. Make adjustments to feedrate override 
( I f necessary) . 
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CHECKLIST 



DUTY Operating Machino. 



TASK Select manual feed/log mode. 



ENABLER Position machine table, or cutting tool, into 
a Predetermi nad location usin g manual feed/ 
iog control, 



STUDENT'S NAME DATE 



EVALUV^OR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate selection of 
manual feed/jog mode. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Stopped the program. 

- Cleared all entries from control. 



- Positioned axis to allow manual 
movemen t . 

Switched manual feedrate override 
to desired rate at which axis 
travel will occur. 

- Checked work area for objects in 
axi s travel pass. 

*- Checked movement in the direction 
of the ax!s travel path. 

" Used the machine control to stop 
machine when desired location was 
reached . 

- Made any necessary adjustments to 
f eedrate over r ide. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #75 

TASK: Adjust cutter compensation. 

STANDARD OF PERFORMANCE OF TASK: 

Programmed center path of cutting tool must allow 
for the difference between actual and programmed 
cutter diameter. Program will produce workplece 
to meet tolerances and dimensioning specified on 
bluepr Int. 

SOURCE OF STANDARD: 

Principles of Numer i ca 1 Cont ro 1 . 
Cu s tome r Information Manual. 
1984 NC/CAM Guidebook. 

Monarch VMC Three Axis Machining Centar 
Programmer ' s Gu Ide. 

Producer CNC/NC Operator's Guide for Machining 
Centers . 

Producer CNC/NC Programmer's Guide for Machining 
Centers . 

CONDITIONS FOR PERFORMANCE OF TASK: 

Cont ro 1 

CNC machine 

Par t program 

Basic machining skills 

Manufacturer's operating manual 

ENABLING OBJECTIVES: 

1. Measure actual cutter and calculate the cutter 
diameter compensation. 

2. Modify programmed center-line location of cutter by 
entering cu 1 1 e r -compensa 1 1 on data either into the 
control ler or remote terminal . 

3. Activate the program, observe f I n I s hed- p i ece part 
dimensions, and further adjust cutter-compensation 
I f neces sa ry . 

^RESOURCES: 

1. Machine tool manufacturer's operators and 
programmer s manua 1 s • 
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■RESOURCES: (con t . ) 



2. William Luggen, Fundamentals of Numerical Control . 
Dehnar Publishing Co., New York, NY. 1984. 

3. Pusztai & Sava. Compute r Nume rjcal Control . Reston 
Publishing Co., Reston, VA. 1983. 

4. James Childs. Principles of Numerical Control, 3rd 
EUJlJ_2IL. Industrial Press, New York, NY. 1982. 

5. Dynapath System. Customer Information Manual . 
Dynapath Systems, Detroit, MI. 1984. 

TEACHING ACTIVITIES: 

1. Read and interpret manufacturer's operators and 
p r ogr amme rs manual. CD 

2. Present lecture on how to determine if the program 
contains cutter compensation "turn on" and "turn 
off" commands (G 40,41,42), and how to modify the 
program if the feature is not programmed. («1,2.3. 
4 &< 5) 

3. Present lecture on how the controller calculates and 
moves the cutter normal to the original programmed 
center 1 ine. (•1,2,3,4 & 5) 

4. Demonstrate how to adjust cwtter compensation. (^6) 

5. Assign problems requiring calculation of cutter 
compensation for both under- and over-sized cutters, 
as we 11 as using cutter compensation for roughing- 
and trial -cut s . 

6. Assign hands-on lab activities that require 
determination of, enabling of, and measuring the 
results of cutter compensation. 

7. Instruct student to adjust cutter compensation. 
( •?) 



CRITERION-REFERENCED MEASURE: 

The student will demonstrate knowledge of cutter 
compensation by written and/or verbal examination, and 
will demonstrate the ability to determine, enable, and 
measure the results of cutter compensation to the 
satisfaction of the instructor in actual hands-on 
operating conditions. 

PERFORMANCE GUIDE: 

1. Define whether cutter path lies to right or left of 
part. 

2. Enter code that describes location of cutter to 
piece part, (inside cut- outside cut) (See 
manufacturer's operating/programming manual for 
specific ma chine tool control.) 

3. Change feedrate for cutter compensation (if 
neces sa ry ) . 

4. Enter cutter compensation value on machine control. 

5. Cancel all cutter compensation values when program 
is finished (if necessary). 
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CHECKLIST 



DUTY Operating Machine. 



TASK Adjus t cutter compensation. 



ENABLER Modify program med center-lirp location of cutter 
■by entering cu t t e r - compen sa t i o n data either into 
■ the controller or remote tg rminal, 



STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL ^ 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate adjusting cutter 
compensa t i on. 



PERFORMANCE DETERMINANTS YES 
The preparer 

- Determined whether cutter path lay to 

the right or left of part. 



Entered cutter code describing 
location of cutter to piece part. 



Changed feedrate for cutter 
compensa t i on . 



Entered cutter compensation value on 
mach ine control. 



Cancelled all cutter compensation 
v\lues after program finished. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #76 



TASK: Edit program. 

STANDARD OF PERFORMANCE OF TASK: 



Verify changes in program on console or with 
programmed manuscript. For complex program 
changes, operator may also dry run program 
through edited portion to visually verify edited 
program. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



Par t program 
CNC machine 
Con t r o 1 

Programmed manuscript 
Manufacturer's operating manual 

ENABLING OBJECTIVE: 



1. Correct or modify part program at C.N.C. control. 

2. Create a new part program at C.N.C. control. 

3. Run program and verify edited information. 

4. Generate a program copy into another storage area of 
memory, or to a h^rd copy, or programmed manuscript. 

•RESOURCES: 



1- Modern Machine S hop 1965 MC/C^M 

Gu idebook, Gardner Publication Inc. 
Ci nc i nnat i , Oh i o. 

2. Operator's manual. 

3. Checklist - Edit part program. 

TEACHING ACTIVITIES: 



1. Read operator's manual to identify the editing 

procedure required to correct, modify, or create a 
part program at the C.N.C. control. (»2) 
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TEACHING 



ACTIVITIES: (cont.) 



2. Present lecture on editing a part program. («i & 2) 

3. Instruct students to list three questions they wish 
answered concerning the different types of editing 
options. 

4. Conduct class discussion on editing, and 
demonstrate how to edit a part program. 

5. Instruct students to practice writing examples of 
three v?dited part programs. 

6. Instruct students to edit a part program on a 
C.N.C. control. ("3) 



CRITERION-REFERENCED MEASURE: 

The student will identify errors in part program 
which will require editing to correct. The student 
will edit the items identified as errors, plus add 
two new lines to part program on the C.N.C. control. 
The student will also Identify when and why editing 
is required on a C.N.C. control, plus the Importance 
of backing up edited programs on a ha'd copy. 

PERFORMANCE GUIDE: 

1. Activate edit mode. 

2. Utilize keyboard to create, alter, and or modify 
program. (See manufacturer's operating manual.) 

3. Run program to verify changes (if necessary). 
NOTE: Orce editing is complete, hard copy or 

programmed manuscript should be created 
and stored. 
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CHECKLIST 



DUTY QperaMn g Machine 



TASK Edit program. 



ENABLER Edit Part program using a C.N.C r^nnt-r^i. 

STUDENT'S NAME D^^TE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the editing of 
part program. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Activated edit mode. 

- Edited errors in part program. 



- Added two new lines to parts 
program on the C.N.C. control. 

- Identified when and why editing 
was required. 

- Ran program to verify changes. 

- Backed up edited programs on hard 
copy . 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #77 

TASK: Run segment of program, 

STANDARD OF PERFORMANCE OF TASK: 

Operator must be able to review program by 
rt^turning to safe start up block, or running 
program journal to safe start block of next 
machining sequence. 



SOURCE OF STANDARD: 



Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

C.N.C. machine tool 
Con t ro 1 

Manufacturer's operating manual 
ENABLING OBJECTIVE: 



1. Search N/C tape for a safe start location for a 
tool. 

2. Activate the machine to run a N/C tape and run 
segment of program. 



•RESOURCES: 



1 . Opera tor ' s manua 1 . 

2« Simplify CN.C. Turning Operation . American 
Machinist Magazine. January, 1981. 

3. Programmer' s manual. 

4. Visual aid - Manufacturing process sheet. 

5. Checklist - Safe start location and run program 
segment 



TEACHING ACTIVITIES: 



Read operator's manual on how to search for sequence 
block n umbe r s . ( « 1 ) 

Read programming manual to identify what positioning 
information is required to safely prepare a machine 
tool to perform the work it is intended to do. 
(«3 & 4) 
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TEACHING ACTIVITIES: (cont.) 



3. Present lecture on searching and locating safe start 
locations on N/C tape, (•1,2 & 3) 

4. Conduct class discussion on how to locate a safe 
start location on N/C tape, and why safe start 
locations are used, 

5. Instruct students to conduct a search of a safe 
start location, and run a segment ov a program. 



CRITERION-REFERENCED MEASURE: 

The student will identify the safe start locations 
on the tape for each tool. The student will search 
the tape for a safe start location. The students 
will run segments of the program. 

PERFORMANCE GUIDE: 



1. Turn power unit to on. 

2. Search for program using sequence search key or 
dial. (See manufacturer's specific operation 
manual for control board commands.) 

3. Locate safe start up block number or desired page 
numbe r . 

4. Activate block by block mode. 

5. Activate cycle start. 
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VISUAL AID 
Manufacturing Process Sheet 
Setup Procedure for K & T 180 



Part Number 140-73-828-04 
Part Name Support Block 
Operation Number 1 


I.D. Number 440234 




STANDARD 


TOOT TMP 




USED 


TOOL DISCRIPTION 


iUUL NUMBER 


LOCATION 


Yes 


#4 Centerdrill 


V-34 


Pocket #1 


Yes 


#6 Centerdrill 


V-36 


Pocket #2 


No 


#24 Drill 


V-10152 


Pocket #3 


No 


3/16" DIA Drill 


V-10188 


Pocket #4 


Yes 


#6 Drill 


V-10204 


Pocket #5 


No 


"G" Drill 


V-10261 


Pocket #6 


No 


9/32" DIA (- 


V-10281 


Pocket #7 



No 



No 



5/16" DIA Drill 



V-10313 



11/32" DIA Drill 



V-10344 



Pocket #8 



Pocket #9 



No 



No 



No 



13/32" DIA Drill 



V-10406 



7/16" DIA jrin 



V-10438 



23/32" DIA Drill 



V-10719 



Pocket #10 



Pocket #11 



Pocket #12 



No 



Yes 



10-24 Tap 



V-61024 



l/4"-20 Tap 



V-61420 



Pocket #13 



Pocket #14 



No 



No 



No 



Yes 



5/16"-18 Tap 



V-651618 



3/8"-16 Tap 



V-63816 



l/2"-14 NPT Tap 



V-61214 



90 Degree Chamfering Tool V-5990 



Pocket #15 
Pocket #16 



Pocket #17 



Pocket #18 



Yes 



3" DIA Face Mill rRough) V-23000 



Pocket #19 



No 



Counterbore for 3/8" SHCS V-505Q4 



Pocket #20 



NOTE: These tools must be fitted with valenite retention knob 

PT-275 and tightened securely in place with loctite #290. 
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Variable Tool List 



Tool Description 
27/64" DIA Drill 


Tool Number 

V-10422 


Location 

Pocket #21 


17/32" DIA Drill 


V-10531 


Pocket #22 


1" DIA. End Mill 


V-810001 


Pocket #23 


I/2"-13 Tap 


V-61213 


Pocket #24 


5/8"-ll Tap 


V-65811 


Pocket #25 
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Fixture List 



Fixture Description 


Tool Number 


Location 


Universal Vise 


KT-180-F-1A 


Pallet A 


-t A 1 A 18 Spacer 


NONE 


Tool Crib 


Serrated Hard Jaws 


f2) Sets 


Tool Crib 


(4) Rest Pees 


F-64 


Tool Crib 


Extra K.T. Vise 


KT-180-F-1A 


Tool Crib 



Gage List 



Discription 



6" Scale 

6" Vernier 

Tape Measurer 

l/4"-20 Plug Gage 
l/2"-13 Plug Gage 
5/8"-ll Plug Gage 
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Set Up Operation 



Part Number 140-73-828-04 
Part Name Support Block 
Operation Number 1 
ID Number 440234 



1. Measure toois and place in the tool changer. (Make sure 
they are placed in the correct pocket location.) 

2. Place the correct tool number in the tool table.' 

3. Set any tool length or tool diameter compensation offsets. 

4. Attach serrated hard jaws to both sides of the "T" slotted 
plate . 

5. Set the top oi; both vises at from the table 

6. Place the 2 3/4" x 1" x 18" spacer on lower jaSLlie* 

1 dimension^^should be vertical, so part is 1" from lower 
jaws, the 18 length should be horizontal and located 2" 
left of left side of fixture. 

7. Attach (4) rest pegs (F-64) each to the "T" slotted plate 
using "T" nuts and l/2"-13 S.H.C.S. 

A. 1 Rest peg at (HS-1), 3" right of left side of fixture. 

B. 1 Rest peg at (VS-2), 5" up from the lower vise jaw. 

C. 1 Rest peg at (VS-6) , 5" up from the lower vise iaw. 

D. 1 Rest peg at (HS-1), 1/2" left of right side of fixture 

NOTE: Each rest peg should be 1" long. 

8. Place ID 440234 in the assigned program index. 

9. Place pallet "A" in the work area . 

10. Activate the assigned program index number for ID 440234, 
then the assigned program index number for pallet "B". ' 

11. Turn on alternate enable. 

12. Start each program in single block and check to make sure 
that the ID number corresponds to the job on each pallet. 



NOTE: Ts IN 
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Operation Procedure 



Part Number 140-73-828-04 
Part Name Support Block 
Operation Number 1 
ID Number 440234 



^^^"^"""^ Pj^^^ vises. The 5" dimension vertical and 
3 left of left edge of fixture. The 19'' dimension should 
be horizontal . 

NOTE: The welded block (2" x 5" x 6" CRS) is on the right 
side facing the operator. 

2. Push the part firmly against the rest pegs (F-64) and 
lock vises securely. 

3. Turn on coolant enable. 

4. Start cycle. 

5. 3" Face mill (Mill 3 sides to finish dimensions) T-23000 
Pocket #19 

Safe start to load tool 5 

Position to mill •!!!!!!!!!!!!!!!! 25 

6. #4 Centerdrill (Centerdrill 2 places) 
T-34 

Pocket #1 

Safe start to load tool 305 

Position to centerdrill !!!!!!!!!!!!!!!!*** *330 

7. #6 Centerdrill (Centerdrill 10 places) 
T-36 

Pocket #2 

Safe start to load tool 3^5 

Position to centerdrill \\ oqq 

8. 1" DIA. end mill (Mill 1/2" step l/V'^ Aee^ V lllle) 
T-810001 HP ciue^ 

Pocket #23 

Safe start to load tool 505 

Position to mill coq 

9. #6 Drill (Drill #6 2 places) " 
T-10204 

Pocket #5 

Safe start to load tool , 525 

Position to drill 

10. l/4"-20 Tap (Tap 1/2" deep 2 places) 
T-61420 

Pocket #14 

Safe start to load tool ^ 585 

Position to tap..« ^ ^-.q 

11. 27/64" DIA. Drill (Drill 27/64" 'piA 4 ' places ) ' 
T->\0422 

?oc:cet #21 
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l/2"-13 Tap (l/2"-13 Tap 4 places) 
T-61213 

Po^' et #24 

Safe start to load tool 325 

Position to tap c,cf^ 

17/32" DIA. Drill (Drill 6 places) 

T-10531 

Pocket .;!22 

Safe start to load tool 905 

Position to drill !!!!!!!! 930 

90 Degree chamfer (Chamfer 6 Places) 

T-5990 

Pocket #18 

Safe start to load tool gg^ 

Position to chamfer in9n 

5/8"-ll Tap (Tap 1 1/4" deep 6 places) 

T-65811 

Pocket #25 

Safe start to load tool 1205 

Position to tap., !!!!!!!!!!!!!** 1230 

NOTE: The operator is responsible for the quality of work. 
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CHECKLIST 



DUTY Qperat ing Machine 



TASK Run se gment of program. 



ENABLER Search for safe start location and run a 
segme nt of a program. 



STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECT^ vfS TO THE EVALUATOR: 

Use the following checklist to evaluate the search for s 
start location, and the running of a segment of a 
program. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Identified the safe start location 
on the tape for each tool. 

- Conducted a safe ;tart search. 

- Ran a segment of the program. 

- Ran the segment of the program with 
out errors. 

- Turned the unit on in proper sequence. 

- Activated the block by blocK mode. 

- Activated the cycle start. 

- Successfully found a safe start 
location. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #78 

TASK: Perform sequence search. 

STANDARD OF PERFORMANCE OF TASK: 

Operator must locate specific block of 
information without running entire program or 
without physical damage to program. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

C. N. C. mac h i ne 
Con t r o 1 

C. N.C. program 

Knowledge of control keyboard 
Format classification sheet 

ENABLING OBJECTIVE: 

1. Students will clear all logic and identify line 
number or page required. 

2. Enter search information format in control. 

3. Search N/C tape for line number or page. 

•RESOURCES: 

1. Operator's manual. 

2. Checklist - Sequence search. 

TEACHING ACTIVITIES: 

1. Read operator's manual to identify the sequence 
search procedure. («1) 

2. Present lecture on sequence search and why is it 
used. 

3. Instruct students to list three questions they wish 
answered concerning sequence search. 

4. Conduct class discussion on how to scroll forward 
or backward to desired page or line number. 

5. Demonstrate how to perform a sequence search. 

6. Instruct students to perform a sequence search. 
(•2) 
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CRITERION-REFERENCED MEASURE: 



The students will identify and locate the line 
sequence number on the N/C tape. The students before 
restarting machine tool must be sure the tool 
location and the safe start up sequence numbers are 
correct. The students will run a segment of the 
program. 



PERFORMANCE GUIDE: 

1. Turn power unit to on. 

2. Clear entry on machine control. 

3. Enter and call-up program number. 

4. Press page button for program number. (See specific 
format classification sheet for computer system 

be i ng used. ) 

5. Scroll forward or backward to desired page or line. 
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CHECKLIST 



DUTY Operatin g Machjjn^ 

•^ASK Perform seotience search. 

ENABLER Idgntifv and locate the lin es securnne number 
_on a N/C tape and ru n a program segment. 

STUDENT'S NAME 
EVALUATOR' S NAME 
TIME : STARTED 
TOTAL 



DATE 

COURSE 

COMPLETED 



DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the sequence 
search. 



PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Identified end located the line 

sequence number on the N/C tape. 

- Checked the tool location and start 
up sequence number to insure they 

were correct before starting up. 

- Ran a segment of the program. 

- Ran the segment of the program 
without errors. 

- Powered up the unit. 

- Cleared entry on the machine control. 



- Pressed page button for program 
number. 

- Scrolled forward and backward to desired 
page or lines. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #79 

TASK: Interpret status lights. 

STANDARD OF PERFORMANCE OF TASK: 

Operator must be capable of maintaining 
continuous operation of program and machine tool 
as a result of interpreter/ lights, indicators, 
and displays on control unit. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Machining Centers Operator's Training Guide. 
Meldas 5100c Numerical Control Programming 
Instruction Manua 1 . 

CONDITIONS FOR PERFORMANCE OF TASK: 

C.N.C. machine tool 
Con t r o 1 

Basic machining knowledge 
Knowledge of control keyboard 

Manufacturer's operating manual for machine tool 
ENABLING OBJECTIVE: 

1. Identify all status lights on control panel. 

2. Meet and maintain operating responsibilities. 

3. Troubleshoot and determine corrective action 
required when status lights indicate problems. 

4. Enter system command to clear and deactivate status 
light or lights. 

•RESOURCES: 

1 . Machining Cente rs Operator's Training Guide. 
Automation Intelligence. Orlando, Florida. 1984. 

2. ngld^S 5100 C Numerical C ontrol Programming 
Instruct ion. Mi h gnh i ch < Electric Corporation. 
1978. 

3. Operator • s manua 1 . 

4. Visual aid - control panel showing status lights, 
see performance objective 67. 

5. Checklist - Status lights. 
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TEACHING ACTIVITIES: 



1. Read and interpret operator's manual on control 
panel status 1 ights. ( «3) 

2. Present lecture on status lights on control panel. 
(•1,2,3 & 4) 

3. Instruct students to complete a status light 
identification worksheet. (Will vary depending on 
mach i ne. ) 

4. Assign students to write three questions they wish 
answered concerning status lights. 

5. Conduct class discussion on status lights. 

6. F-^resent lecture on troubleshooting and identifying 
problems when status lights indicate there is a 

pr ob 1 em. ( « 1 , 2, 3 ) 

7. Demonstrate how to troubleshoot a problem by 
interpreting status lights. 

8. Instruct student to troubleshoot a problem by 
interpreting status 1 ights. (-S) 

CRITERION-REFERENCED MEASURE: 

The students will identify and troubleshoot any 
problem indicated by the status lights. After 
identifying the problem, and determining corrective 
action, the student will enter system commands to 
deac t i va te light. 

PERFORMANCE GUIDE: 

1 . I ient i f y status lights: 

a. Temperature warning. 

b. Servo fault. 

c. Data error. 

d. Program changes. 

e . Powe r supply. 

f. Diagnostic. 

2. Determine procedure to be followed: 

a. Review manufacturer's operating manual. 

b. Apply corrective measures for machine 
malfunction or notify maintenance or service 
personnel. 

c. Enter system commands to deactivate light. 

3. Follow procedures to maintain machine tool and 
continue machine program. 
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CHECKLIST 



DUTY Operating MArhina 



TASK Interpr et status lights 



ENABLER Trouble shoo t a machine malfunction using 
status 1 jghts, 

STUDENT'S NAME D^TE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the interpretation 
of status lights. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Re vie wed manufacturers operating 
manua 1 • 



- Identified the following status 
lights: 

Temperature warning 

Data error 

Servo fault 

^ ogram changes 

Power supply 

D I agn 0 Stic 

- Identified all problems by 
intepreting status lights. 

- Took corrective measures for 
machine malfunctions. 

- Deactivated status lights after 
malfuntion was corrected. 



255 

270 

EKLC 



GUIDE SHEET 

DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #80 

TASK: Change Spindle Speed. 
STANDARD OF PERFORMANCE OF TASK: 

Control or tachometer/gauge must verify change 
settin.T for spindle speed in revolutions per 
minute. 

SOURCE OF STANDARD: 

Operating Manual for Cincinnati Milacron. 
Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

C«N.C. machine tool 
Con t r 0 1 

C. N. C. program 

Spindle motor in operation 

Hand-he Id tachometer 

Manufacturer's operating manual for machine tool 
ENABLING OBJECTIVE: 

1. Set spindle speed (RPM). 

2. Verify that corrected or modified spindle speed 
(RPM) has been changed. 

•RESOURCES: 

^ • Q£eiaJ-QXS_J?ia.^i5i^ 1 For Cincinnati Milacror^, 

Cincinnati Mplacr<->n, Worchester, MA. 1984. 
2. Operator's manucil. 
3» Checklist - S, -indie speed. 

TEACHING ACTIVITIES: 

1. Read and interpret operator's manual on correcting 
procedure on ch^inging spindle speeds. (»2) 

2. Present lecture on changing spindle speeds and 
demonstrate the different methods of changing the 
spindle s peed s : 

a. Speed selector indicators. 

b. Override option. (»1 & 2) 

3. Assign students to write how and why spindle speeds 
should be changed and questions they wish answered 
in class. 
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TEACHING ACTIVITIES: (cont,) 



4, Conduct demonstration to verify s i J 1 e speed 
changed : 

a. Hand-held tachom^cei, 

b. Control and/or mu:chine spepu selector indicator, 

5, Conduct class discussion on changing spindle speeds 

6, Instruct students to perform a spindle speed new 
selection, ( »3 ) 

?• Instruct students to verify new spindle speed, 
(•3) 

CRITERION-REFERENCED MEASURE: 

The student should be able to identify how to changs 
a spindle speed. After identifying how to change 
a spindle speed, the student will select a new 
spindle speed and verify that the new selection has 
been sa t i s f i ed. 

PERFORMANCE GUIDE: 

!• Determine spindle motor rotation, 

2. Start spindle. 

NOTE: Som-' spindle motors must be in operation in 
order to change spindle speeds. 

3. Position speed increase/decrease control to desired 
selection or enter data (as required by 
manufacturer's operating manual for control.) 

4. Verify new RPM notation: 

a. Hand-held tachometer. 

b. Speed selector indicator. 

c. CRT screen. 
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CHECKLIST 



DUTY Qperat 1 ng Mach 1 ng 

TASK Change Spindle Speed. 

ENABLER Correct or mo dify splndle speed (RPM). 

STUDENT'S NAME 

EVALUATOR'S NAME 

TIME : STARTED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate the changing or 
modification of spindle speed. 



DATE 

COURSE 

COMPLETED 



PERFORMANCE DETERMINANTS YES NO 

The preparer 



- Reviewed operator's manual before 
changing spindle speed. 

- Determined desired spindle speed 
before startup. 

- Started spindle motor before speed 
change . 

- Set desired speed using the spindle 
speed increase/decrease control as 
required by manufacturer's operating 
manual. 



Verified new spindle speed (RPM) 
using a handheld tachometer, speed 
selector indicator or C.R.T. screen. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #81 

TASK: Iiitiate program restart from zero (absolute 
mode ) • 



STANDARD OF PERFORMANCE OF TASK: 

When program is interrupted, the operator must 
complete the program from a safe start-up block 
to complete workpiece according to 
s pec i f i ca t i ons . 



SOURCE OF STANDARD: 



Numerical Control Machining Series. 
Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 



C.N.C. machine tool 
Con t r 0 1 

C. N. C. program 



ENABLING OBJECTIVE: 



1. Students will identity the safe restart positions 
for the tool and N/C tape. 

2. Students will clear all logic and position tool and 
N/C tape to a safe start location. 

3. Activate the machine to run a N/C tape and run 
segment of program. 

•RESOURCES: 



1. American Machinist. Nume r i ca 1 Con t ro 1 
Machining Serleg. RenWuinri-h and Associates. 
Cleveland, OH. 1978. 

2. Operator' s manua 1 . 

3. Visual aid - Axes orientation. 

4. Checklist - Program restart. 

TEACHING ACTIVITIES: 



Read operator's manual on ho^^ to move a tool safely 
and how to search for a line sequence number. (»2) 
Present lecture and demonstration on how to move a 
tool safely on the machine tool. (»1,2,) 
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TEACHING ACTIVITIES: (cont.) 



3. Present lecture and demonstration on how to id^ritify 
and locate a safe start line sequence number. 

( 2,8< 3) 

4. Instruct students to list three questions they wish 
answered concerning a restart operation. 

5. Conduct class discussion on why and how to safely 
restart a machine tool. 

6. Instruct students to move tool safely on the machine 
tool and search for a safe start block line number. 

( » 4 ) 

CRITERION-REFERENCED MEASURE: 

The students will identify and place the tool of the 
machine tool in a safe position to restart the 
mach i ne. 

NOTE: This location may be a "Home Location." The 
students will identify and locate the safe 
start block sequence number. The students will 
run a segment of the program. 

PERFORMANCE GUIDE: 

1. Return to original coordinates (using digital 
readouts if provided). 

2. Move machine tool to zero position. 

3. Rewind the tape to safe start-iip block. 

4. Depress cycle start to restart program. 
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CHECKLIST 



DUTY Qperat I ng Mach i hp 



ERIC 



TASK Initiate pro gram restart from zero (absolute 
mo d e ) . 



ENA, LER Move tool to yafe start up location, identify 
safe start up blo ck sequence number, restart 
_and run a se gment of the program, 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate program re^^art 
PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Consulted the operator's manual 
before tool move was made. 



- Identified a safe start up block 
sequence number . 

- Located the safe start up block on 
the N/C tape. 

- Moved the tool of the machine tool 
to a safe location before restart 
(zero position). 

- Saft^ly restarted the machine tool. 

- Ran a segment of the program. 
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DUTY; Opei at i ng Mach i ne 



PFRFORMANCE OBJECTIVE #82 

TASK: Interrupt cycle. 
STANDARD OF PERFORMANCE OF TASK: 
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Machine must i^top when stop button is in 
position. 

SOURCE OF STAriPAKD: 

Writiuj . oam of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

C ? -I . C machine tool 
Co n I r , 1 

C. N. C. program 
ENABLING OBJECTIVE: 

1. Students will identify what method should be used 
to identify an automatic cycle. 

2. Siudents will activate the correct procedure to 
interrupt an automatic cycle. 

3. Students will safely restart c:\omatic cycle, and 
run a segment of N/C program. 

•REPOURCES: 

1. Operator's manual. 

2. Checklist - Interrupt cycle. 

TEACHING ACTIVITIES: 

1. Read operator's manual on hou to interrupt an 
automatic cycle. («1) 

2. Present lecture and demonstration on how to 
Interrupt an au toma tic cycle by switching to single 
block. 

3. Present lecture and demonstration on how to 
interrupt an automatic cycle by using the feed hold 
push but tons . ( « 1 ) 

4. Present lecture and demonstration on how to 
interrupt an automatic cycle by using the emergency 
stop push buttons. ( • 1 ) 
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TEACHING ACTIVITieG: (cont.) 



5. Instruct students to list three questions they wish 
answered concerning interrupting an automatic cycle. 

6. Conduct class discussion on why ^n automatic cycle 
should be interrupted, and how to safely restart an 
au t oma t i c cy c 1 e . 

7. Instruct students to interrupt an automatic cycle, 
and restart the cycle safely. (»2) 

CRITERION-REFERENCED MEASURE: 

Students I i identify how to interrupt an automatic 
cycle, >nd wl'ien thai cycle should be interrupted. 
The students will understand that 3nytime a cycle is 
interrupted, and the operator may have to place any 
portion of their body into the work cutting area, the 
spindle has to be turned off. The students will 
restart the cyrle, and run a segment of the program. 

PERFORMANCE GUIDE: 

When machine is in operation: 

1. Switch from automatic cycle mode to single block 
mode. (See manufacturer's op rating manual.) 

2. Activate feed hold on control, (see manufacturer's 
operating manual). 

3. Execute emergency stop. (Sc»? ma n w f ?*.c ^ u r e r ' s 
opera t i ng manua I . ) 

NOTE: Operator must conF:tii.r u^^e rachining process 
to determine which oi the a^ove methods will 
be used tc interrupt the automatic cycle 
!rode« 
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CHECKLIST 



DUTY Qperat ing Machinp 



TASK Interrupt cvc 1 e . 



ENABLER Interrupt an a utomatic cycle andrestart the cvcle 
safely. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO IHE EVALUATOR: 

Use the fo lowing checklist to evaluate interrupting a 
cycle. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Switched automatic cycle jnode to a 

single block mode before interruption. 



- Ac t i va ted feed hold. 

- Stopped the spindle. 

- Stopped spindle fully before student's 
body entered the cutting area. 

- Engaged stop button. 

" Made an emergency stop. 

- Made a successful interruption. 

- Successfully restarted. 

- Ran a segment of the program after 
restart. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #83 



TASK: Check cutting fluids. 
STANDARD OF PERFORMANCE OF TASK: 



Coolant indicator must show level of cutting 
fluids, and/or spray mist coolant as recommended 
by manufacturer of machin<«? tool. 

SOURCE OF STANDARD: 



Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 
C c ^> 1 a n t 

Manufacturer's maintenance manual 

C.N.C. machine tool 

Control 

Coolant concentration gauge 
ENABLING OBJECTIVE: 



1 Students will identify wha, iubrica. ts should be 
ysed, and how to check with the manufacturer on 
different types of lubricants to see if they are 
approved. 

2, Students will identify how to check the machine tool 
so that it is properly lubrical-^d. 

3. Students will understand how to periodically examine 
the lubricant to determine its physical condition. 

•RESOURCES: 



1. Operator's manual. 

2. Maintenance manual on recommended lubricants. 
State of Illinois. (Environmental Protection Act.) 
EPA 

3. Visual aid - Lubrication. 

4. Checklist - Lubrication. 



TEACHING ACTIVITIES: 



1. Read operator's manual on how to lubricate^ and how 
to check that the machine tool is properly 
lubricated. («1) 
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TEACHING ACTIVITIES: (cont,) 



2, Read maintenance manual on approved lubricants 

3, Present lecture and demonstration on how to 
lubricate, and where to lubricate the machine tool, 
(•1,2,S< 3) 

4, Present lecture on pre-mix lubricants. Stress the 
use of non-toxic lubricants, and the advantages of 
using non-toxic lubricants, (»1,2,& 3) 

5, Present lecture on periodic examiration of the 
lubricant to determine its physical condition, 
(1,2,& 3) 

6, Instruct students to list three questions they wish 
answered concerning lubricating machine tools, 

7, Conduct class discussion on lubricants, 

8, Instruct students to identify where to lubricate, 
and how to check it, C«4) 

CRITERION-REFERENCED MEASURE: 

Students will identify where to lubricate the machine 
tool. The students will also be able to check ff 
the machine tool is lubricated correctly. The 
students wili know how to correctly mix coolants to 
the proper ratio. The students will be able to 
identify lubricants to determine if its physical 
condition is changing, and what to do to correct that 
change. 



1, Check Sight gauge for coolant level, 

2, Add coolant amount to level recommended bv 
manufacturer to fill tank, 

3, Add pre-mixed cooUat recommended by manufacturer: 

a. Use coolant c on ;j^n t r a t i on gajgr to determine 
ratio, 

b. Prepare mixture with appropriat-s ratio of 
coolant and water. 

4, Observe dial indicators on control to verify new 
fluid levels. 
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MIST COOLANT RESERVOIR 




COOLANT SPINDLE 




CHECKLIST 



DUTY Qperat Ing M^ch i ne 
TASK Check cutting fluids. 



ENABLER Check machine trool I u b r i ca n t /c^^ | ^ p ^ . 
STUDENT'S NAME 



EVALUATOR'S NAME 



TIME : STARTED 



TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the perfomance determinants checklist to evaluate 
checking of cutting fluids. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Located all lubrication/coolant 
reservoirs. 



- Identified the correct lubricant/ 
coo lant to be used. 



Mixed the I u b r i ca n t /coo 1 an t to the 
right ratio. 



- Used a 1 ubr i can t /coo 1 an t concentration 
gauge to determine ratio. 



- Determined the physical condition 
of the lubricant/coolant. 



- Corrected any physical change in 
the lubricant/coolant. 



- Checked the lubricant/coolant 
sight gauge* 



- Observed dial indicators on the 
control panei to verify new fluid 
levels. 



- Filled all reservoirs to a proper 
level. 



DATE 

. COURSE 

COMPLETED 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORM Ar^.f^ OBJECTIVE ^6 4 

Tab:; Check surface finish. 

STANDARD OF PERFORMANCE OF TASK: 

Piece part must measure within surface finish 
plus or minus range of tolerances as specified 
on par t print. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK; 

Piece part 
Prof i 1 ometer 

Surface comparator or other appropriate measuring 
devices 

ENABLING OBJECTIVES: 

1. Identify differences betv^en surface texture and 
surface integrity. 

2. Identify texture symbols. 

3. Understand different met:i;>is ror checking surface 
finish. 

•RESOURCES: 

1 • Machining Data Handbook 3rd Edition, Volume . 

Machining Data Center Metcut Research Associates 
Inc. Cincinnati, Ohio 45209. 

2. Manufacturers Manuals. 

3. Visual aid - Surface Texture & Integrity. 

4. Checklist - Surface Finish. 

TEACHING ACTIV ITIE5: 

1. Read Machining Data Handbook on surface technology. 
(•1) 

2. Read Measuring Manufacturers manuals on measuring 
Instruments to check surface finish. (»2) 
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TEACHING 



ACTIVITIES: (cont. ) 



3. Present lecture on surface f/Msh and how to check 
surface finish. (•»1,2,3) 

4. Instruct students to list three questions they would 
like answered conceirning checking surface finish. 

5. Conduct class discussion o surface finish and 
how *:o check surface finish. 

6. IPft-jot student fco check and verif> a surface 
I : p. i s \ . ( » 4 ) 



CRITERION-REFuRENCED MEASURE: 

The students will identify differences between surfac 
texture, and surface integrity. The students will kno 
what the surface finish symbols are. The students wi 
be able to demonstrate tho use of surface moaburing 
i n s t r ume n t s . 



PERFORt;NCE GUIDE: 



1. Remove piece part from fixture. 

2. Clean part before Inspection. 

3. Check surface of piece part. 

a. Compare piece part surface with surface 
qua 1 i ty of p iece par t, or 

b. Use profilometer or other appropriate 
measuring device to determine if piece part 
finish is within specified toleratiCi range on 
part print. 
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SURFACE TEXTURE AND INTEGRITY 



H^asur^d pr of i I • 

(by Instrument or other meane) 



Nominal prof i to* 
(as opociflod on a drawing) 



Flaw 




Lay 



Roughnaoa 

ar I thmot ic 

avorago - Ra 



Typ lea I travar a i ng 
l«n(th j 



Hav I n9Ga 
apac 1 ng 



Wav I noaa 
ha I ght 







e-1 




f 










*■ 



Roughn^as 
«pac Ing 



Roughnsaa •ampling 
length or cutoff 
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Surface Tsxtur© 

< ©xt^r I or o f f ©c t8 ) 

SurTj^ce texture 

- ^j4t. t~l978 standard* 
r^^ughr.eaa 

- i-y 

Macro affacta 

- tapcr toarc 

- p 1 1« 

- t mp Ar f «c t 1 ona 

Geometry 

- tolai^ances 





Surface Integrity 

(Intarlor affacto) 

M!cro»tructural transformations 
Recrystal I Izatlon 
Intargranular attack 
zone 

Hardnaaa altarattona 
P I ast I c daf ormat I on 
Raaidual atraaaaa 
Hatarlal I nhomogan » l t I as 
Alloy dap 1 at 1 on 



Altered material layers 
Baao m&tar \ a I 



S itnu I atad aact i on 



Proeaae Enr^f 
Machan lea! 
E I ec tr I c a I 

Tharma I 
Cham leal 



\ 



MatarlftI Propartlas 

T a na I la 
Ductility 
Hardnaaa 



Su.^faca Effacts 
R oughnasB 
Raaidual Strasaas 
Cr acka 
PKa«tc» ChAngas 



Haehan I eft I 

High Cyc I a Fat I gua 
Straao Ruptura 



Pr opart I mm 

Low Cyc I a Fat I gua 
Strasa Corrosion 



Component R«Mabllltiy 



SURFACE TEXTURE &. INTEGRITY 
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CHECKLIST 



DUTY Operating Machine. 



ERIC 



TASK Check s urface finish. 



ENABLER Check and verify a surface finish, 
STUDENT'S NAME DATE 



SVALUATOR'S NAME COURSE 

TIKE : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate checking 
machine surface. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Identified differances between 

surface texture and surface integrity. 



- Identified surface finish symbols. 

- Removed piece part from fixture. 

- Cleaned part before inspection. 

- Checked part print for specified 
to 1 erance. 

- Measured part piece for specific 
tolerance using a profilometer or 
other appropriate measuring device. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #85 

TASK: Measure cut di mens ions. 

STANDARD OF PERFORMANCE OF TASK: 

Piece part must meet specification tolerances 
on blueprint. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Blueprint 
Mea suring device 
Finis hed piece part 
Basic ma chining skills 

ENABLING OBJECTIVES: 

1. Measure the cut dimension, and determine what is 
required to machine the part to the correct 

d imens ion. 

2. Make correction on dimension error to meet and 
maintain blueprint specifications. 

oRESOURCES: 



1. 
2. 



3. 
4. 



Operator' s manua 1 . 

NC/CAM GuldflboQk - Chapt er Two - Machine Toola 
Their Control. Modern Machine Shop. Gardner 
Publications Inc., Cincinnati, OH, 1985. 
Measuring cut dimension checklist. 
Visual aid of measuring devices. 



and 



TEACHING ACTIVITIES: 



1. Read operator's manual to identify the operating 
procedure required to make a tool cut to the proper 
dimension, (Tool Offsets) («1) 

2. Present lecture on how to measure a cut dimension 
a ma chine tool part and when to remove the part 
from the ma chine tool. («1 & 2> 



or 
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TEACHING 



ACTIVITIES: (cont. ) 



3. Demonstrate how to measure a cut dimension on a 
mach i ne tool pa r t • 

4. Assign students to write three questions on how to 
measure a dimension, and with what type of measuring 
i n s t rumen t • 

5. Conduct class discussion on measuring cut 
d i mens i ons • 

6. Instruct students to measure cut dimensions of 
mach i ned parts. («3) 

CRITERION-REFERENCED MEASURE: 

The student will demonstrate when and how to measure a 
cut dimension. After identifying and adjusting for 
the correct dimension, the students will conduct a test 
cut, and verify the correction has been made 
successful ly. 

PERFORMANCE GUIDE: 

Check blueprint for dimension of cut. 
Remove piece part from fixture vice. 
Remove burrs. 
Clean part. 

Check dimension of part using measuring device. 
Compare measurements to blueprint specifications. 



1. 
2. 
3. 
4. 
5. 
6. 
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MACHINE MOUNTED MEASURING DEVICES 



Dial Indicator Edge Locator 
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CHECKLIST 



DUTY Qperat i ng Mach 1 ne 



TASK Measure cut dimensions. 



ENABLER Measure the cut dimen sion and determine what 
is required to machine the part to the 



cor rec t d imens i on. 



STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist" to evaluate measuring cut 
d f mens ions. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Checked the blueprint for the 

dimension of the cut. 

- Removed the piece part from the 

fixture vice. 

- Removed all burrs from part piece. 

- Cleaned piece part. 

- Checked the dimension of the piece 
part using the appropriate measuring 

device. 

- Compared piece part measur emen t to 

blueprint spec! ficat ions. 

- Checked machine adjustment for 

correct dimension. 

- Conducted test cut to verify the 

correction was successful. 
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GUIDE SHEET 



DUTY: Operating Machine 



ERIC 



PERFORMANCE OBJECTIVE #86 

TASK: Index turret. 

STANDARD OF PERFORMANCE OF TASK: 

When turret is loaded, any tool position can be 
selected at random. 

SOURCE OF STANDARD: 

Customer Information Manual, Dynapath Systems AM, 
Computer Numerical Control. 

Dynapath System lOT Computer Numerical Control 
for Two Ax i s La t hes . 

Miyanomatic Model CNC-7BC Instruction Manual. 
Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC machine tool with turret 

Tool identification or location number 

ENABLING OBJECTIVES: 

1. Place correct tools in correct turret location. 

2. Index turret in an interference free area. 

^RESOURCES: 

1- Customer Information Man ual. Dvnapath System AM, 
Computftf Numerical Controi. Dynapath Systems, 
Detroit, MI. 1984. 

2. Dynapath Systems IQT Com puter Numerical Control for 
Two Axis Lathes, Dynapath Systems, Detroit, MI. 

1984. 

3. Miyanomatic Model CNIC-7BC instruct ion Manual , 
Mizano Machinery Slmarenjaku Mitoka-shi. Tokoyo 
181, Japan, 1982. 

4. Operator • s manua 1 . 

5. Vi sua 1 aid - Turret. 

6. Checklist - Turret index. 

TEACHING ACTIVITIES: 

1. Read and interpret operator's manual on correct 
procedure to index a turret via punch tape, or 
manua 1 1 y . ( ^4) 
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TEACHING 



ACTIVITIES: (cont. ) 



2. Present lecture on indexing a turret, and str^-ss th 
importance that this function must be done in an 
interference free area. (»1,2 & 3) 

3. Conduct demonstration on indexing a turret. («5) 

4. Assign students to write how, and why turrets are 
indexed ma n ua 1 1 y . 

5. Instruct students to perform a turret index, and 
verify the turrets new location. (»6) 

CRITERION-REFERENCED MEASURE: 

The students will be able to identify turret locations. 
The students will also know the direction of the 
turret index, and the interference free areas. The 
students will demonstrate how to make a turret index. 

PERFORMANCE GUIDE: 

1. Select tool position number on turret. 

2. Locate desired turret station number. 

3. Index turret. 

4. Repeat for each turret tool position selected. 
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TURRET INDEX 



ID Turret 




Index turrets only when In an 
interference free area. Failure 
to follow this instruction 
could result in damage to 
tooling/ workpiece^ and 
Q mac h i ne . 281 296 
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CHECKLIST 



DUTY Qperat i ng Mach 1 ne. 
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TASK Index Turret 



ENABLER Index turret in an interference free area. 
STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE E VALUATOR: 

Use the following checklist to evaluate index turret 
PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Identified all turret locations. 

- Identified the direction of the 
turret index. 



- Identified interference free areas, 

- Selected tool position number on 
turret. 

- Located desired turret station 
number . 

- Selected an interference free 
location. 

- I ndexed turret. 

- Verified new turret location. 

- Used the turret index s ucces r f u 1 1 y . 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #87 

TASK: Differentiate between machine control s. 

STANDARD OF PERFORMANCE OF TASK: 

Operators must transfer control operating skills 
to similar machine tools for machining process. 

SOURCE OF STANDARD: 

Writing team of Incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

CNC mach i ne tool 
Operator' s manual 

Presence of qualified oper a t o r / i n s t r uc t o r 
Removal of all tooling, and work holding devices 
on ma chine tool (to prevent accidents) 

ENABLING OBJECTIVES: 

1. Identify difference between controls. 

2. Identify difference between machine tools. 

3. Meet and maintain operating responsibilities. 

4. Troubleshoot and determine corrective action 
required to maintain operating responsibilities. 

•RESOURCES: 

1 . Operator ' s manua 1 . 

2. Abbreviated operator's manual. 

3. Pocket pony operator's notebooks. 

TEACHING ACTIVITIES: 

1. Read and interpret operator's manual on the control, 
and the machine tool. («1 & 2) 

2. Present lecture on the different types of machine 
tools, and highlight why they are so different. 
(«1,2 & 3) 

3. Conduct class discussion on why machine tools and 
control 8 are not standardized. 

4. Demonstrate why machine tools and controls are not 
s tandard i zed. 
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TEACHING ACTIVITIES: (cent.) 



5. Instruct students to write three questions they 
would like answered about different machine tools 
and con t ro 1 s • 

6. Instruct students to demonstrate to other students, 
how to teach an operator the difference between a 
machine tool and a control. 



CRITERION-REFERENCED MEASURE: 



The students will identify the difference of C.N.C. 
machine tools and controls. After they Identify the 
difference, they will be able to explain the differences 
to a person who hasn't operated this machine tool. 

PERFORMANCE GUIDE: 



1. Review identification of lights, digital indicators, 
buttons, dials, switches, and keyboc^rd on previously 
used machine tool control. 

2. Review function of controls with procedure to be 
i n i t i a 1 ed. 

3. Identify specific control operations. 

a. Identify lights, digitrl indicators, buttons, 
dials, switches, and keyboard on new control. 

b. Match function of control to procedure to be 
foil owed . 

Seek additional instruction from qualified machine 
operator or instructor. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #88 



TASK: Set cycle dwe I 1 • 



STANDARD OF PERFORMANCE OF TASK: 



Machine slide must remain motionless in cut for 
specified dwell time, (Range of allowable dwell 
time varies with machine tool and machine control 
unit). 



SOURCE OF STANDARD: 



Customer Information Manual, Dynapath Systems AM, 
Computer Numerical Control. 

Machining Centers Operators Training Guide. 
Producer CNC/NC Programmers Guide for Machining 
Centers . 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



CNC machine tool 
Part program 
Con t ro 1 

Basic machining skills 
Manufacturer operating manual 

ENABLING OBJECTIVES: 



1. Set the cycle dwell time. 

2, Verify that the cycle dwell time Is correct, and 
that the dwe 11 cycle mode has been activated. 

•RESOURCES: 



1 . Operator ' s Manua 1 . 

2. Cuitomer Information MAiiual. Dvn apafeh Systems AM> 
Computer Numerical Conferol, Dynapath Systems, 
Detroit, MI, 1980. 

3- Machining Contar^ Qparafeo r'a Training Guide , 
Automation Intelligence, Orlando, FL, 1984. 

4. Producer CNC/NC Programmers Guide fnr Machining 
Cgnter g » Automation Intelligence, Orlando, FL, 1984. 

5. Checklist - Set cycle dwell. 

TEACHING ACTIVITIES: 



I. Read and Interpret operator's manual for correct 
procedure on setting the dwell cycle time. («1) 
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TEACHING ACTIVITIES: (cont.) 



2. Present lecture on setting a dwell cycle time, and 
demonstrate the method doing that function. 

NOTE: On some of the newer CNC machines the dwell 
cycle time is programmed, so to change the 
dwell cycle time, the program would have to 
be edi ted. ( • 1 , 2, 3, & 4) 

3. instruct students to list three questions they wish 
answered concerning setting a dwell cycle time. 

4. Conduct class discussion on why dwell cycles are 
used. 

5. Instruct students to set a dwell cycle time. («5) 
CRITERION-REFERENCED MEASURE: 



The students will be able to identify when a dwell cycle 
time has to be applied. The students will set a dwell 
cycle time, and verify that time, when that segment of 
the part program is completed. 



PERFORMANCE GUIDE: 



1. Start program. 

2. Determine needed delay of cutter motion or delayed 
program t ime. 

3. Enter dwell time (using positive value). 

4. Check manufacturer's operating manual for specific 
procedures on machine tool. 

5. Observe control to verify entry of dwell time. 
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CHECKLIST 



DUTY Operating MaGhine 

TASK Set nvcle dwe i 1 ■ 

ENABLER Set the cvcle dwel 1 time. 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED ^ COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate setting cycle 
dwe 11 t ime. 

PERFORMANCE DFTERMINANTS YES NO 

The preparer 

- Checked manufacturer's operating 
manual for specific procedures on 

machine tool. 

- Determined the needed delay of cutter 

motion or delayed program timp. 

- Identified appropriate time for dwell 

cycle time to be applied. 

- Entered dwell time using a positive 

value. 

- Observed control to verify entry of 

dwell time« 

Completed that segment of the part 

program successfully, 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #89 

TASK: Modify manual data input program. 

STANDARD OF PERFORMANCE OF TASK: 

Revised data must be entered in at machine. 
Edited or created program must be accepted by 
ma chine control unit to produce workplece that 
meets the tolerances and dimensions specified on 
b 1 uepr int. 

SOURCE OF STANDARD: 

1985 NC/CAM Guidebook. 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Cont ro 1 

CNC mach i ne tool 
Manufacturer's operating manual 

ENABLING OBJECTIVES: 

1. Correct or modify part program at CNC control. 

2. Create a new part program at CNC control. 

3. Run program and verify manual data Input program. 

"RESOURCES: 

1. 1985 NC/ CAM Guidebook , Modern Machine Shop, 
Gardner Publications. Cincinnati, OH. 1985. 

2. Operator's manual. 

3. Checklist - Manual data <nput. 

TEACHING ACTIVITIES; 

1. Read operator's manual to identify the manual data 
output (M.D.I.) procedure required to correct, 
modify, or create a part program at the CNC control. 
( •2) 

2. Present lecture on M.D.I, a part program. <»1 & 2) 

3. Instruct students to list three questions they wish 
answered concerning the different types of M.D.I, 
options. 
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4. Conduct class discussion on M.D.I, and demonstrate 
how to M.D.I, a part program. 

5. Instruct students to write examples of three M.D.I, 
par t programs . 

6. Instruct students to M.D.I, a part program on a CNC 
cont ro 1 . ( "S) 

CRITERION-REFERENCED MEASURE: 

The students will identify when a part program has to be 
M.D.I. The students will M.D.I, the iter^s identified. 
The students will also identify when and why M.D.I, is 
required on a CNC control. 

PERFORMANCE GUIDE: 

1. Turn on control. 

2. Clean control of all entries. 

3. Stop machine. 

4. Activate manual data input mode. (See manufacturer's 
operating manual for specific ma chine tool). 

5. Select single block mode (see manufacturer's 
operat i ng manua 1 ) . 

6. Edit current program: 

a. Select block in buffer to be edited. 

b. Identify block sequence number to be edited. 

c. Call up desired block sequence. 

d. Revise data using manufacturer's operating 



7. Create new program. 

a. Enter manual data input by block or line. 

8. Cancel manual data input mode, (see manufacturer's 
operat i ng manua 1 ) . 

Note: Manual data input is a feature of the machine 



control which allows the operator to enter 
directly to the control, special or revised 
data or even a complete program, rather than 
through an outside data source such as punch 
tape, disk or computer memory. 
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CHECKLIST 



DUTY Operating Machine 



TASK Modif y manual data Input program. 



ENABLER Creat e a new part program by modifying the Tianual 
data inny^T ' 



STUDENT'S NAME ^ DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate modifing the 
manual data input. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Turned control on. 

- Cleared control of all entries. 

- Stopped machine. 

- Activated manual data input mode. 

- Selected single block mode. 

- Edited current program. 



- Created new part program by entering 
manual data Input by block or line. 

- Cancelled manual data input modo. 

- Successfully corrected or modified 
part program at the CNC control. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #90 

TASK: Adjust depth of cut. 

STANDARD OF PERFORMANCE OF TASK: 

Depth of cut on workpiece must meet specifications 
of part print or blueprint. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Workp i ece 
CNC machine tool 
CNC program 
Measu r I ng dev I ce 

ENABLING OBJECTIVES: 

1. Measure depth of cut on workpiece and determine what 
Is required to machine part correct depth. 

2. Make correction on depth of cut to meet and maintain 
blueprint specifications. 

•RESOURCES: 

1. 1985 NC/CAM Guidebook . Modern Machine Shop, 
Gardner Publications. Cincinnati, OH. 1985. 

2. Operator's manual. 

3. Visual aid - Depth of cut. 

4. Checklist - Depth of cut. 

TEACHING ACTIVITIES: 

1. Read operator's manual to identify the operating 
procedure required to make a tool length 
compensat ion. ( «2> 

2. Present lecture on different methods of adjusting for 
depth of cut. (al, 2 & 3) 

a. N/C Turning Center. 

b. N/C Machining Center. 

3. Assign students to write three questions they wish 
answered concern I ng tool length compensat ion. 

4. Conduct class discussion on adjusting the depth of 
cutting tools. 
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TEACHING ACTIVITIESj (cont.) 



5. Instruct students to complete a worksheet identifying 
the tool length compensation value and the axis in 
the direction of compensation. 

6. Instruct students to make a correction on a depth of 
cut to meet blueprint specifications. («4) 

CRITERION-REFERENCED MEASURE: 

The students will demonstrate when and how to adjust for 
depth of cut. There must be two types of machines used 
for demonstrating. (Turning Center and a Machine Center) 
After identifying and adjusting for the correct depth ot 
cut, the student will conduct a test cut to verify that 
the correct tool length compensation has been successful. 

PERFORMANCE GUIDE? 

1. Change depth of cut by one of the following: 

a. Raise or lower table and/or tool to change depth 
of cut. 

b. Change axis depth on program to adjust cutter 
depth. 

2. Measure depth of cut on work piece and compare to 
blueprint specifications. 

3. Repeat steps one and two until part meets desired 
specifications noted on print. 
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A . Drill travel, d li n d hole 



CLEARANCE > 




3RIu. FCINT 



< TRAVEL > 



B. Dr i II tr ave ! , through hoi e 



CLEARANC'.: > 





DEPTH' 



TRAVEL- 



CLEARANCE 



-eDRIuL POIKT 
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C . Drill and tap travel,, o I i r; 



0 n 0 ! e 



CLEARANCE > 




<-TAF DEPTH 



CLEARANCE — > 
■TAP TRAVEL > 



-TAP LEAD 



DRILL POINT- -> 

< — DRILL OEPTH 

■DRILL TRAVEL > 



D. Side cutting tr a 



ve 




CUTTER 





CLEARANCE > 

-TRAVEL — 



/CJT'En 



1 h 
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CHECKLIST 



DUTY Operatin g Machine 

TASK Adjust depth of cut. 

ENABLER Make c orrection on depth of cut to meet and 
mainta in blueprint specifications, 

STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 



TIME : STARTED COMPLETED 



TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate adjusting the depth 
of cut. 

PERFORMANCE DETERMINANTS YES NO 

- Compared depth of cut on workpiece to 
blueprint specifications. 



Identified need for a depth of cut 
ad j u s tmen t . 



- Made depth of cut adjustment by moving 
table or tool, or by changing axis 
depth on program. 



Made cut on workpiece. 



Compared the new depth of cut on the 
workpiece compared to blueprint 
spec i f i ca t i ons . 



- Adjusted depth of cut until blueprint 
specifications were met. 



- Made the final depth of cut on 

workpiece meet blueprint specifications. 



EKLC 



3i0 

295 



GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #91 

TASK: Reset tool cycle time. 

STANDARD OF PERFORMANCE OF TASK: 

When tool number and tool location are entered in 
computer processor, C.R.T. screen must provide 
tool cycle time with tool number and tool pocket 
1 oca t I on number • 

NOTE: Programming a tool with no time remaining 

will result in the message "Program Error". 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 
Operating Manual for Cincinnati r^ilacron. 

CONDITIONS FOR PERFORMANCE OF TASK: 

Con c r o 1 

Too 1 number s 

CNC machine 

Tool pocket location 

Manufacturer's tooling manual. 

ENABLING OBJECTIVES: 

1. Identify what is "Feed Motion Time". 

2. Activate the tool cycle time monitor for each tool. 
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•RESOURCES: 

Operating Manua l for Cincinnati Milacron . Heald 
Machine Division, Cincinnati M i 1 ac r on-Hea 1 d Corp., 
Worches ter , MA, 1984. 

2. Operator's manual. 

3. Checklist - Tool cycle time. 

TEACHING ACTIVITIES: 

1. Read operator's manual to see if this operation Is 
available on the Machine Tool. («2) 

2. Present lecture on why this option can be important 
to Tool Management. («1 & 2) 

3. Assign students to write three questions they wish 
answered concerning the use of tool cycle time. 
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TEACHING ACTIVITIES: (cont.) 



4. Instruct students to define feed motion and give an 
example how the ma chine will accumulate the tool 
performing cycle time. 

5. Conduct class discussion on how and why tool cycle 
t ime i s used. 

6. Instruct student to enter new tool cycle time. (»3) 
CRITERION-REFERENCED MEASURE: 

The students will demonstrate how to input new "Tool 
Cycle Time". After identifying how to establish and 
input tool cycle times into the control, they will 
explain why this is a good tool management option. 

PERFORMANCE GUIDE: 

1. Measure tool life time (as specified by 
Manufacturer's Tooling Manual). 

2. Reset tool time for each new tool or when a tool is 

sharpened. 

3. Enter tool number or tool pocket location for tool 
cycle t i me . 

4. Enter predicted tool life (as specified in 
Manufacturer's Tooling Manual). 

5. Continue process for each tool for which tool cycle 
time is being reset. 
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CHECKLIST 



DUTY Operating Machine 

TASK Reset tool cycle time. 

ENABLER ED_te)r the correct values in the control to reset 
eye 1 e t i me , 

STUDENT'S NAME DATE - 

EVALUATOR'S NAME COURSE 

TIME • STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR : 

Use the following checklist to evaluate resetting the 
tool cycle t i me « 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Identified feed motion time. 

- Measured tool life time. 

- Activated tool cycle time monitor for 

each tool. 

- Reset tool time for each new or 

sharpened tool. 

- Entered tool number or tool pocket 

location for tool cycle time. 

- Entered predicted tool life. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #92 

TASK: Remove chips. 

STANDARD OF PERFORMANCE OF TASK: 

Work location, machine, and floor area around 
machine must be free of chips and cutting fluids. 
CAUTION: Chips are sharp, and should not be 
handled with bare hands or blown from machine 
with an air hose. Eye protection should be worn 
during machine clean up. 

SOURCE OF STANDARD: 

Writing team of incumbent workers. 

CONDITIONS FOR PERFORMANCE OF TASK: 

"T" slot chip tool 
Ch i p pans 

Wet j»nd dry vacuum 
Ch i p cont a i ner s 
Shop t owe 1 s 
CNC machine 
Safety glasses 
Safety shoes 

ENABLING OBJECTIVES: 

1. Identify the correct and safe method to remove chips 
from a machine tool. 

2. Identify what safety equipment is necessary. 

•RESOURCES: 

Operati ng Manual for Cincinnati Mllacron . Heald 
Machine Division, Cincinnati M i 1 ac r on-Hea 1 d Corp., 
Worches ter , MA. 1984. 

2. Operator's manual. 

3. Checklist - Chip removal. 

TEACHING ACTIVITIES: 

1. Read and interpret the "Safety Precautions" section 

of the operator's manual. 
2» Present lecture on safety, pointing out the correct 

method to r eino ve chips from a machine tool. 
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TEACHING 



ACTIVITIES: (cont. ) 



3. Conduct a class discussion on safety equipment and 
what could happen if the operator wasn't careful. 

4. Instruct students to list three reasons why an air 
hose should not be used to remove chips. 

5. Instruct students to complete a worksheet 
identifying the tool length compensation value and 
the axis in the direction of compensation. 

6. Instruct students to clean chips from work area. 

( -a) . 



CRITERION-REFERENCED MEASURE: 



The students will identify the safe method of removing 
chips from a machine tool, know the correct type of 
equipment to use, and know the importance of keeping the 
work area clean. The students will remove chips from 
the work area. 



PERFORMANCE GUIDE: 



1. Turn off power to all machine axis movements 

2. Clean chips and cutting fluids from flxttare, table, 
and chip pan. 

3. Clean chips from machine body, base, and floor area 
a round mach i ne. 

NOTE: Air should not be blown into or directly 
t owa rd spindle. 
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CHECKLIST 



DUTY Qperat tng Mach ine 



TASK Remove chips, 



ENABLER Remove chips from the work area. 



STUDENT'S NAME DATE 



EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate chip removal 
NOTE: Safety equipment must be assembled at 
all times. 

PERFORMANCE DETERMINANTS YES NO 
The preparer 

- Powered down machine. 

- Locked machine in off position. 

- Assembled needed safety equipment. 

- Used all safety equip me nt. 



- Used a chip tool/rake to remove chips 
f rom the mach i ne. 

- Removed ail chips and cutting fluids 
f rom mach i ne. 

- Removed all chips and cutting fluids 
from the floor. 

- Emptied and cleaned chip pan. 

- Disposed of chips properly. 

- Returned safety equipment to storage 
after chip removal was complete. 
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GUIDE SHEET 



DUTY: Operating Machine 



PERFORMANCE OBJECTIVE #93 



TASK: Execute emergency svop. 
STANDARD OF PERFORMANCE OF TASK: 



All controls must remain inactive while emergency 
stop button is activated. 



SOURCE OF STANDARD: 

Writing team of incumbent workers. 
CONDITIONS FOR PERFORMANCE OF TASK: 



CNC machine tool 
Con t r o 1 
CNC program 



ENABLING OBJECTIVES: 



1. Identify location of "Emergency Stop" buttons on 
the machine tool and the control. 

2. Identify cause of "Emergency Stop Condition" when 
the machine tool indicates the machine is in an 
emergency stop condition. 

3. Execute an emergency stop. 



•RESOURCES: 



1. Operating Manual for Cincinnati Milacron . Heald 
Machine Division, Cincinnati M i 1 ac r on-Hea 1 d Corp., 
Worchester, MA. 1984. 

2. Opera lor's manual. 

3. Visual aid - Emergency stop location. (Will vary 
wi th roach i ne. ) 

4. Checklist - Emergency stop. 



TEACHING ACTIVITIES: 
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1. Read and interpret operator's manual. 

2. Present lecture on •'Emergency Stop Conditions": 

a. Immediately upon machine start-up. 

b. When the •'Emergency Stop" pushbuttons are 
pressed. 

c. When certain con t r o 1 - s en s ed situations are 
encountered such as; axis overturned, motor 
over loaded etc. . . 

3. Assign students to write five questions they wish 
answered concerning "Emergency Stop" conditions. 
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TEACH I NG ACT IVITIES: (cont.) 



4. Conduct class discussion on "Emergency Stop 
Conditions and Remedies" to correct that condition. 

5, Assign students to answer three questions about 
"Emergency Stop Conditions" and how the machine tool 
reacts to an "Emergency Stop Condition". 



CRITERION-REFERENCED MEASURE: 

The students will identify t 
pushbuttons on the machine t 
troubleshoot, and determine 
and execute an emergency sto 

PERFORMANCE GUIDE: 

1. Locate emergency stop button on machine and/or 
control. 

2. Press emergency stop button. 

3. Observe control for status lights to indicate 
machine is inactive. 



he "Emergency Stop" 
00 1 and control, 
remedies on other conditions 
p. 
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CHECKLIST 



DUTY Operating Machine 

TASK Execute emerge ncy stop, 

ENABLER Execute an emergency stop, 

STUDENT'S NAME DATE 

EVALUATOR'S NAME COURSE 

TIME : STARTED COMPLETED 

TOTAL 

DIRECTIONS TO THE EVALUATOR: 

Use the following checklist to evaluate execution of 
emergency stop. 

PERFORMANCE DETERMINANTS YES NO 

The preparer 

- Identified and located all emergency 

stop locations prior to operation. 

- Identified what constitutes an 

emergency stop. 

- Used closest emergency stop button. 

- Pressed emergency stop button. 

- Observed control status lights to 

verify that machine was inactive. 

Observed that the machine remain in 
active until emergency stop control 

was released. 

- Successfully executed emergency stop 
and restart. 
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APPENDIX A 



TASK LIST AND JOB TITLES 



Computerized Numerical Control 
OE: 47. 0104 

Too 1 Programmer 
DOT:007. 167-018 

Machine Tool Operator 
DOT:609. 662-010 



ES: 

Tasks 

PROGRAMMING AND PLANNING 

Develop programmed Instructions from blueprint. 

Develop programmed instructions from piece part. 

Draw sketch of desired workpiece. 

Select program-manual or computer-assosted. 

Choose machine tools for part. 

Select cutting tools and holders. 

Select spindle speed. 

Select feedrate for axis-travel. 

Position workpiece in relation to machine axis. 

Determine absolute or incremental mode. 

Compute polar rectangular coordinates. 

Compute workpiece geometry. 

Verify cutter path. 

Plot program. 

Graphically depict part. 

Define cutter path. 

Operate post processor. 

Write post processor. 

Program tool change procedure. 

Prepare operator instructions. 

Calculate run time (manually and computer aided). 

Prepare tape. 

Select canned cycles. 

Program restart points. 

Design special fixtures for custom job. 
Design clamps and holders for custom job. 
Write manual program. 
Enter tool offset. 
Enter tool length. 
Repa i r broken tape. 

Up-date programs from engineering changes. 

Determine job priorities. 

Schedule programs. 

Schedule heat treated materials. 

Schedule secondary processes. 

Sc hedu 1 e plating. 
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SETTING UP 



Check tool 1 ng sheel: • 
Transport tools. 

Install cutting tools in holders. 

Load tools in tool. drum. 

Mount holder and tool on spindle. 

Load automatic tool changer. 

Operate dr awba r • 

Dial cutter compensation* 

Moun t wo r kp i ece. 

Set zero . 

Dry run program. 

Add coolant commands* 

Alter speed/feed rates. 

Update programs stored in bubble memory . 

Complete machine tool safely set-up. 

Verify workpiece detail identification number. 

Verify type of material of workpiece. 

Establish tolerance requirement. 

Thread electrical discharge machine. 

OPERATING MACHINE 

Turn on/off powe r . 

Call up program in distributed numerical control. 

Place tape in reader. 

Key-in program on machine. 

Align holding device with machine axis. 

Clamp dial indicator to tool holder. 

Change too 1 ho 1 der « 

Change cutting too 1 . 

Adjust tool offset manually. 

Interpret operator related messages on screen. 

Control feedrate override. 

Activate automatic cycle mode. 

Interrupt automatic cycle mode manually. 

Set manual mode control. 

Select cycle modifiers. 

Select manual feed/Jog mode. 

Adjust cutter compensation. 

Ed i t program. 

Run segment of program. 

Perform sequence search. 

Interpret status lights. 

Change spindle speed. 

Initiate program restart from zero. 

Inter rupt eye 1 e. 

Check cutting fluids. 

Check surface finish. 

Cheek cut dimension. 

I ndex tur ret . 

Differentiate bet we en machine controls. 
Set eye 1 e dwe 1 1 . 

Modify manual data input program* 

Adjust depth of cut. 

Reset tool cycle time. 

Remove chips. 

Execute emergency stop* 
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APPENDIX B 



DEFINITION OF TERMS 



A number of terms frequently used in this manual may be 
unfamiliar to the reader; others may be fairiliar but in the 
context of this manual have been assi.^ned special meanings. 
To assist the catalog user, the following definitions are 
provided. 



1. Af f ec t i ve . Skills which emphasize an attitude, feeling, 
emotion, or degree of acceptance and rejection. 

2. Checkpo int . A point in the development of the curriculum 
guide when materials must be sent to V-TECS control office 
for quality rev i ew. 

3. Cogn i t i ve . Skills which emphasize the recall of knowledge 
and development of intellectual abilities. 

4 Competency . The ability (including knowledge, skills, 

and/or attitudes) to perform a specific task or duty suc- 
cessful 1 y . 

5. Compet ency-b w^ tsed vocational education . A methodology of 
instruction that (a) identifies the competencies needed 
for on-the-job performance; (b) informs students and 
teachers of the precise and detailed learning objectives 
required to achieve these competencies; (c) emphasizes 
high performance standards in testing, course 
requirements, and/or graduation; and (d) facilitate 
learning by letting each student master the tasks prior to 
advancing to another. 

6. Criterlon-feferenced measures . An evaluative procedure 
used to determine If a student has mastered a performance 
object I ve. 

7. Doma 1 n . A group of related Jobs within an occupational 
area. 

8. Duty . One of the distinct, major work activities In 

an occupational area. A duty is made of numerous tasks. 
A duty lends Itself to the design of units of instruction. 

9 - Enabling ob1ectlvo 3> Objectives Identifying support 

knowledge, and subskills, that are prerequisites to the 
mastery of a task. 
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O ccupational inventory . An instrument used to obtain 
responses from workers on what duties and tasks are 
actually performed in an occupational area. 



■ Performance checklist , A list of performance steps 
derived from the performance guide to record acceptable 
or unacceptable performance of each step of a task. 

Pe r f 0 rmance guide . A step-by-step description of hew 
a task is ordinarily performed on the job. 

Perform ance objective . A statement of what the 
learner must do, in observable and measurable terms. 

a . Conditio n s; "Given what?" 

Describes the situation, including tools and 
equipment to be used, and limits under which 
the tasks will be performed. 

b. Task! "Does what?" 

States the observable activity the learner 
will pe r f 0 rm. 

c. Standards "How we 1 1?" 

Indicates performance required of a successfi'l 
incumbent worker in an actual job environment. 

Psychomo tor. Skills whicfi emphasize manipulation 
of raaterials or tools. 

Qua 1 1 ty rev i ew. A review of content by V-TECS director 
or designated representative to examine quality of 
content format, and style of curriculum guide. 

Resources . Materials which are used to develop 
instruction and/or learn specific objectives. 

State-of-the- art reference * Current materials from 
which Information or resources can be found to facilitat 
instruction. 

Task . A unit of work with a beginning and an ending 
which is measurable and observable. 

Task list, A list of individual tasks which correspond 
to a specific job title(s) derived from V-TECS catalogs. 

Te aching activities . Methods and/or procedures for 
delivering instructional contents to students. 
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TOOL AND EQUIPMENT LIST 



APPENDIX C 



Too 1 /Equ i pmen t 



Fixture for holding workpiece 
Wrenches 

Precision mea curing tools 
Cutting tools 

Hold down bolts and clamps, step blocks 

Tape reader 

Center drills 

End mills 

Vises 

Reame r 

Counter sink 
Drill bits 
Counter bore 
Boring heads 

Electronic control console 
Spot facer 

CNC machining centers 

Printer 

CNC lathes 

CNC vertical milling ma chines 

Plotter 

Form-cutter 

Microcomputer 

CNC lathes 

CNC vertical milling machines 

Plotter 

Form-cutter 

Ml crocomputer 

CNC profile and contouring mill 

CNC boring machine 

Disk drive 

Mainframe computer 

CNC inspection machine 

CNC turret punch press 

CNC vertical turret lathe 

Cy 1 I ndr I ca l gr I nder 

Wire electrical discharge machines 

CNC punch press 

CNC gan t ry profiler 

RAM electrical discharge machine 

Fl ame-cut ter 

CNC welding machine 

CNC wire wrapping machine 

RAM wi re cutters 

CNC grinding fixture 
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